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ABSTRACT 

In many of today's industries, new technology has been 

introduced without appropriate ergonomic analysis, leading to 

adverse health, safety, and productivity effects. This thesis 

describes the results of three studies into two such industries, 

which primarily employ women: (1) office work; and (2) 

supermarket cashier operations. 

The objectives of the office study are: (1) to validate 

Tynan's use of the ergonomic composite score for evalueting the 

extent to which optimal ergonomic features have been 

incorporated into video display terminal (VDT) furniture; and 

(2) to examine the degree to which technologically advanced 

office workstations are tailored to the needs of users. 

Sixteen VCT users evaluated furniture at four VET 

workstations. User ratings of overall furniture discomfort were 

correlated with the corresponding calculated ergonomic composite 

scores (ECSs). A more rigorous method for calculating ECSs 

established an even higher correlation, suggesting that the 

modified ECS scoring method is a useful evaluative tool for 

predicting user acceptance of VDT workstation furniture. 

The supermarket research is divided into two phases. The 

first phase investigated occupational health problems and 

performance decrements of czshier operations. ~uestionnaire 

responses and objective measures of hand strength, leg edema, 

postural fatigue, and anthropometric dimensions were conpared 

with dimensions of check-stands presently in use by operators. 
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N e g a t i v e  f e a t u r e s  o f  c h e c k - s t a n d  d e s i g n  documented i n c l u d e  

p r o t r u d i n g  o b j e c t s ,  e x c e s s i v e  r e g i s t e r  k e y b o a r d  h e i g h t s ,  and low 

b a g - w e l l s ,  r e s u l t i n g  i n  p o o r  work ing  p o s t u r e s .  P o s t u r a l  f a t i g u e  

was l i n k e d  t o  lower b a c k ,  n e c k ,  l e f t  s h o u l d e r ,  and arm 

d i s c o m f o r t .  T h e r e  were  s i g n i f i c a n t  c h a n g e s  i n  c a l f  s i z e  l i n k e d  

t o  c o n t i n u o u s  s t a n d i n g .  These  f i n d i n g s  s u g g e s t  t h a t  p o o r l y  hunan 

f a c t o r e d  c h e c k s t a n d s  a r e  c o n t r i b u t i n g  t o  h e a l t h  c o m p l a i n t s  o f  

c a s h i e r  o p e r a t o r s .  

The s e c o n d  s u p e r m a r k e t  s t u d y  compared d i f f e r e n t  c a s h i e r i n g  

m e t h o d s ,  i n  r e l a t i o n  t o  h e a l t h  c o m p l a i n t s  and  work p e r f o r m a n c e .  

Two c a s h  r e g i s t e r  t y p e s  ( t o u c h - c h e c k i n g  and  e l e c t r o n i c  s c a n n i n g )  

and two d i f f e r e n t  b a g g i n g  methods  were  e v a l u a t e d ,  r e l z t i v e  t o  

q u e s t i o n n a i r e  r e s p o n s e s  and v i d e o  t a p e  r e c o r d i n g s  o f  o p e r a t o r s  

u s i n g  d i f f e r e n t  methods .  The f i n d i n g s  s u g g e s t  t h a t  p r i c i n g  

f o l l o w e d  by b a g g i n g  i s  a  p r e f e r r e d  c a s h i e r  work method f o r  

e i t h e r  r e g i s t e r  t y p e ,  i n  t h a t  i t  d e c r e a s e s  t h e  t o t a l  t i m e  s p e n t  

i n  k e y i n g ,  i n  t r a n s i t i o n ,  and i n  a  b e n t  o v e r  p o s t u r e ,  a c t i v i t i e s  

which h a v e  n e g a t i v e  i m p a c t  on  work e f f i c i e n c y  and o p e r a t o r  

h e a l t h .  
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A. STUDY 1. EVALUATING A MULTI-USER VDT-WORKSTATION 

I .  INTRODUCTION 

R e c e n t  y e a r s  h a v e  b r o u g h t  t e c h n o l o g i c a l  a d v a n c e s  i n t o  t h e  

o f f i c e ,  p r i m a r i l y  i n  t h e  form o f  computer/word'  p r o c e s s i n g  
.L 

t e r m i n a l s  - c o l l e c t i v e l y  r e f e r r e d  t o  a s  v i s u a l  d i s p l a y  t e r m i n a l s  

(VDTs). O f t e n  VETS a r e  t r e a t e d  l i k e  t y p e w r i t e r s ,  p l a c e d  on  

n o n - a d j u s t a b l e  d e s k s  o r  t a b l e s  w i t h  l i t t l e  c o n c e r n  g i v e n  f o r  

good v i e w i n g  c o n d i t i o n s  and work ing  p c s t u r e s .  

F ixed  w o r k s t a t i o n s  and n o n - a d j u s t a b l e  c h a i r s  and  work 

s u r f a c e s  s e v e r e l y  c o n s t r a i n  t h e  number o f  c h o i c e s  o f  work ing  

p o s t u r e s  t h a t  t h e  VDT o p e r a t o r  c a n  r e a s o n a b l y  assume.  I n  

a d d i t i o n  t o  l i m i r i n g  e y e  movements r e l a t e d  t o  t h e  l o c a t i o n  of 

t h e  s c r e e n ,  k e y b o a r d ,  and s o u r c e  document ,  m a i n t a i n i n g  a f i x e d  

( s t a t i c )  p o s t u r e  r e q u i r e s  c o n t i n u e d  m u s c l e  t e n s i o n  and h a s  

r e s u l t e d  i n  a  m u l t i t u d e  o f  p o s t u r a l  and v i s u a l  p r o b l e m s  amongs t  

VDT o p e r a t o r s  ( C a k i r  e t  a l . ,  1979 ;  ~ r a n d j e a n  and ~ i g l i a n i ,  1980;  -- 
and S tammer john  e t  a l . ,  1 9 8 1 ) .  F u r t h e r m o r e ,  i t  i s  b e c o n i n g  -- 

i n c r e a s i n g l y  common t h a t  a  VDT is s h a r e d  by s e v e r a l  u s e r s  (2 -4  

persons/VDT) o v e r  a n  e n t i r e  work ing  d a y  f o r  v a r y i n g  l e n g t h s  o f  

t i m e .  I n  o r d e r  t o  e l i n i n a t e  t h e  c o n s t r a i n e d  p o s t u r e s  a d o p t e d  by 

o p e r a t o r s  and  accommodate a  r a n g e  o f  u s e r s ,  t h e  VDT f u r n i t u r e  

mus t  b e  a d j u s t a b l e .  A d j u s t a b l e  VDT w o r k s t a t i o n s  c a n  

s u b s t a n t i a l l y  c o n t r i b u t e  t o  c o m f o r t a b l e  and  s u i t a b l e  work ing  



p o s t u r e s  ( A r n d t ,  1983;  G r a n d j e a n  e t  a l . ,  1983). -- 

11. LITERATURE REVIEW 

The C h a i r .  I n  a n  o f f i c e  e n v i r o n m e n t  t h e  p r i n c i p a l  f i x t u r e  

o f  p h y s i c a l  s u p p o r t ,  c o m f o r t ,  and  w e l l - b e i n g  i s  t h e  c h a i r .  

H i s t o r i c a l l y ,  c h a i r  d e s i g n  h a s  e v o l v e d  i n  t e r m s  o f . s t y l i s t i c  

c r i t e r i a ,  w i t h  l i t t l e  a t t e n t i o n  p a i d  t o  p o s t u r a l  suf$ort ,  t a s k  

f a c i l i t a t i o n ,  and o t h e r  c h a r a c t e r i s t i c s  o f  u s e r  ' f i t ' ( P T c L e o d  e t  - 

a l . ,  1 9 8 0 ) .  P o o r  s e a t i n g  h a s  been  shown t o  r e l a t e  t o  a  s e r i e s  o f  - 

c h r o n i c  h e a l t h  p r o b l e m s ,  r e s u l t i n g  f r o m  i m p r o p e r  f i t  be tween  t h e  

c h a i r  o c c u p a n t  and t h e  d e s i g n .  T h e s e  p r o b l e m s  r a n g e  from b lood  

v e s s e l  c o n s t r i c t i o n - a n d  p o t e n t i a l  v e n o u s  t h r o m b o s i s ,  t o  p o s s i b l e  

k y p h o s i s  ( h u n c h  b a c k )  o f  t h e  s p i n e  and back  p a i n .  L i n k s  a l s o  

have  been  d e m o n s t r a t e d  be tween  s e a t i n g  d e s i g n  and a f f e c t i v e  

d i m e n s i o n s  s u c h  2s s a t i s f a c t i o n  and  c o m f o r t ,  i n c l u d i n g  

p e r f o r m a n c e  d e c r e m e n t  (PcLeod e t  a l . ,  1 9 8 0 ) .  -- 
Cf p a r t i c u l a r  s i g n i f i c a n c e  t o  t h e  d e s i g n e r  i s  t h e  l o c a t i o n  

o f  t h e  s e a t - p a n  and b a c k ,  h e a d ,  and  a r m  res ts ,  a s  w e l l  a s  t h e i r  

s i z e  and c o n f i g u r a t i o n ,  s i n c e  it i s  t h e s e  e l e m e n t s  o f  t h e  c h a i r  

and s e a t  t h a t  f u n c t i o n  a s  s t a b i l i z e r s ,  and c a n  c o n t r i b u t e  t o  o r  

a l l e v i a t e  h e a l t h  p rob lems .  A d d i t i o n a l  e m p h a s i s  s h o u l d  b e  p l a c e d  

on  v a r i a b l e  s i t t i n g  p o s t u r e s  d e p e n d i n g  on  t a s k  and t h e  need  t o  

stress and r e l a x  v a r i a b l e  m u s c l e s .  

S e a t  h e i g h t  i s  based  on  p o p l i t e a l  h e i g h t  ( t h e  d i s t a n c e  

t a k e n  v e r t i c a l l y  f rom t h e  f l o o r  t o  t h e  d o r s a l  s u r f a c e  o f  t h e  l e g  

j u s t  b e h i n d  t h e  k n e e ) .  The cor rec t  s e a t  h e i g h t  2 l l o w s  t h e  f e e t  



t o  b e  p l a c e d  f i r m l y  on  t h e  f l o o r .  S e a t  d e p t h  i s  a  f u n c t i o n  o f  

b u t t o c k - p o p l i t e a l  l e n g t h  ( t h e  h o r i z o n t a l  d i s t a n c e  f rom t h e  

r e a r m o s t  s u r f a c e  o f  t h e  b u t t o c k  t o  b e h i n d  t h e  k n e e ) .  S e a t  d e p t h  

s h o u l d  be  l a r g e  enough t o  p r o v i d e  a d e q u a t e  b a c k - s i d e  s u p p o r t ,  

however e x c e s s i v e  s e a t  d e p t h  w i l l  c a u s e  i r r i t a t i o n  t o  t h e  back  

o f  t h e  lower l e g s .  
1 .  

B a c k r e s t  s i z e ,  c o n f i g u r a t i o n ,  and l o c a t i o n  a r e  v e r y  

i m p o r t a n t  c o n s i d e r a t i o n s ,  and m o s t  d i s p u t e d  i n  t h e  l i t e r a t u r e .  

The p r i m a r y  f u n c t i o n  o f  t h e  b a c k r e s t  i s  t o  p r o v i d e  s u p p o r t  f o r  

t h e  l umbar  r e g i o n  and  h e n c e  t o  accommodate t o  some e x t e n t  t h e  

s p i n a l  p r o f i l e . .  T h e r e  h a s  been  c o n s i d e r a b l e  d i s a g r e e m e n t  a s  t o  

t h e  h e i g h t  o f  t h e  b a c k r e s t .  G r a n d j e a n  ( 1 9 8 0 )  a d v o c a t e s  a  t o t a l  

b a c k r e s t  h e i g h t  o f  48-50 c m  above  t h e  s e z t  s u r f a c e ,  a  b r e a d t h  o f  

3 2 - 3 6  cm, and a  l u m b a r  pad 10-20 cm above  t h e  l o w e s t  p o i n t  o f  

t h e  s e a t  s u r f a c e .  I n  t h e  B r i t i s h  S t a n d a r d  3893 ( 1 9 6 5 ) ,  c o m p l e t e  

b a c k r e s t  s u p p o r t  is c o n s i d e r e d  r e s t r i c t i v e  o f  s p i n a l  movement 

and o f  t h e  a rms .  P a n e r o  and Z e l n i k  ( 1 9 7 9 )  h a v e  c o n c l u d e d  t h a t  

p r e v i o u s l y  recommended s i z e s  f o r  s e c r e t a r i a l  c h a i r s  a r e  too 

s m a l l  and s u g g e s t  a  b a c k r e s t  h e i g h t  o f  19-25 c m  w i t h  a  h e i g h t  

a d j u s t a b l i l i t y  o f  0-8 c n  above  t h e  s e a t  s u r f a c e .  F i g u r e  1 

i l l u s t r a t e s  G r a n d j e a . n 1 s  and  P a n e r o ' s  c o n c e p t s  o f  o p t i m a l  c h a i r  

d e s i g n .  

T r a d i t i o n a l l y  b a c k r e s t  s h a p e s  have  been  c o n c a v e .  However ,  

i n c r e a s e d  a t t e m p t s  by m a n u f a c t u r e r s  t o  m a i n t a i n  t h e  l o r d o t i c  

c u r v a t u r e  o f  t h e  human s p i n e  w h i l e  s i t t i n g  h a s  r e s u l t e d  i n  t h e  

deve lopmen t  o f  t h e  convex  s h a p e d  b a c k r e s t ,  a l s o  known a s  lumbar  



pad or lower b a c k  s u p p o r t .  G r a n d j e a n  ( 1 9 8 0 )  s u g g e s t s  f i x i n g  t h e  

lumbar  pad 10-20 c m  above  t h e  lowest p o i n t  o f  s e a t  s u r f a c e .  

F i x i n g  a n y  f e a t u r e  on  a  c h a i r  l i m i t s  t h e  n ~ m b e r ~ o f  u s e r s  who c a n  

b e  a d e q u a t e l y  f i t t e d .  A r e c e n t  s t u d y  h a s  d e m o n s t r a t e d  t h a t  t h e  

l o c a t i o n  o f  t h e  b e g i n n i n g  o f  t h e  c u r v a t u r e  d i f f e r s  s i g n i f i c a n t l y  

I 
among t h e  s e x e s  ( O ' N e i l l ,  1 9 8 3 ) .  S i m i l a r  d i f f e r e n c e s  n a y  b e  

found  be tween  o l d e r  and younge r  w o r k e r s .  T h i s  s u p p o r t s  t h e  

p h i l o s o p h y  t h a t  a  s m a l l e r  b a c k r e s t  w i t h  a d j u s t a b i l i t y ,  v e r s u s  a  

f u l l  b a c k r e s t  w i t h  min ima l  o r  no  b a c k r e s t  h e i g h t  a d j u s t m e n t ,  is  

p r e f e r a b l e .  

To a c h i e v e  a  r i g h t - a n g l e d  s i t t i n g  p o s i t i o n ,  a  b e n d i n g  o f  

t h e  h i p  j o i n t s  o f  60 d e g r e e s  i s  p r o d u c e d ,  accompanied  by a 

f l a t t e n i n g  o u t  o f  t h e  l umbar  c u r v e  by a b o u t  30 d e g r e e s ,  c a u s e d  

by t h e  s t r e t c h i n g  o f  t h e  h a m s t r i n g  and g l u t e a l  m u s c l e s  (Keegsn., 

1 9 5 3 ) .  O b l i t e r a t i n g  t h e  l umbar  c u r v e  t h r o u g h  t h i s  p o s t u r e  

r e s u l t s  i n  p r e s s u r e  c h a n g e s  i n  t h e  4 t h  and  5 t h  lumbar  d i s c s  ( L 4 ,  

L 5 ) ,  c a u s e d  by  a n t e r i o r  wedging and s t r e t c h i n g  o f  t h e  p o s t e r i o r  

l i g a m e n t s  o f  t h e s e  d i s c s ,  which  r e p r e s e n t  t h e  p r i m a r y  f o c u s  o f  

mos t  lower b a c k  p r o b l e m s .  Hence,  t h e  optimum o r  p h y s i o l o g i c a l l y  

normal  p o s i t i o n  o f  t h e  a d u l t  s p i n e ,  w i t h  r e s p e c t  t o  t h e  p u l l  o f  

t h e  a n t e r i o r  and p o s t e r i o r  t h i g h  m u s c l e s  on t h e  p e l v i s ,  i s  w i t h  

b o t h  t h e  t r u n k - t h i g h  and t h e  k n e e  a n g l e s  a p p r o x i m a t e l y  1 3 5  

d e g r e e s  ( K e e g a n ,  1 9 5 3 ) ,  a s  i l l u s t r a t e d  i n  F i g u r e  2 .  P n d e r s s o n  e t  - 

a l .  ( 1 9 7 5 )  d e m o n s t r a t e d  min ima l  m y o e l e c t r i c  a c t i v i t y  and  min ima l  - 

d i s c  p r e s s u r e  when t h e  t r u n k  i s  s u p p o r t e d  by a  b a c k r e s t  w i t h  z n  

i n c l i n a t i o n  o f  10-20 d e g r e e s  a t  t h e  h e i g h t  o f  L4 and L5. P 



Figure 1. 
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An example of a  cha i r  with a  h i g h  
backrest and lumbar pad. 

Figure 2 .  
I 

Keegan's i l l u s t r a t i o n  of the e f f ec t s  of the hamstrings and gluteal  
muscles in re la t ion  t o  the quadriceps as various postures are 
adopted. 2c shows the f ron t  and back muscles in balance with one 
another placing the  l e a s t  amount of s t r e s s  on the lower back. 



r e c e n t  f i e l d  s t u d y  h a s  d e m o n s t r a t e d  t h a t  r e f e r e n c e  VDT operators 

i n s t i n c t i v e l y  assume t h i s  p r e f e r r e d  p o s t u r e  and i g n o r e  t h e  

recommended u p r i g h t  t r u n k  p o s i t i o n  ( G r a n d j e a n  e t  z l . ,  1 9 8 3 ) .  -- 

A l t e r n a t i v e l y  t h i s  p o s t u r e  may b e  a c h i e v e d  w i t h  a  s e a t - p a n  t h a t  

t i l t s  15-20 d e g r e e s  f o r w a r d  ( N a n d e l  , 1 9 8 1 )  . F i g u r e  3  i l l u s t r a t e s  

a  c h a i r  w i t h  a  p o s i t i v e  s e a t  t ilt .  The a d v a n t a g e s  o f  a  p o s i t i v e  

s e a t - p a n  t i l t  i n c l u d e  a n  a l t e r n a t i v e  s i t t i n g  p o s t u r e  and  r e d u c e d  

p r e s s u r e  i n  t h e  l u m b a r  i n t e r v e r t e b r a l  d i s c s  (Keegan ,  1 9 5 3 1 ,  

e s p e c i a l l y  f o r  i n d i v i d u a l s  w i t h  t i g h t  h a m s t r i n g s  ( S t o k e s  and  

Abery,  1 9 8 0 ) .  

Nany r e s e a r c h e r s  h a v e  s u g g e s t e d  a  s l i g h t  r e a r w a r d  s l o p e  o f  

t h e  e n t i r e  s e a t - p a n .  T h i s  d e c l i n a t i o n  is supposed  t o  t i l t  t h e  

t r u n k  toward  t h e  b a c k r e s t  a n d ,  a t  t h e  same t i m e ,    re vent forw?.rd 

s l i p p i n g  o f  t h e  b u t t o c k s . - H o w e v e r ,  i f  o n e  d o e s  n o t  l e a n  a g a i n s t  

t h e  b a c k r e s t  d u r i n g  work ,  a d i s t i n c t  r e a r w a r d  s l o p e  o f  t h e  s e z t  

t e n d s  t o  r o t a t e  t h e  p e l v i s  backward ,  c a u s i n g  k y p h o s i s  o f  t h e  

lumbar  s p i n e ,  s t r e s s i n g  t h e  i n t e r v e r t e b r a l  d i s c s  and l i g a m e n t s  

o f  t h e  l o w e r  b a c k .  

I n  a  5  h o u r  s i t t i n g  s t u d y  t o  d e t e r m i n e  t h e  e f f e c t  o f  

s i t t i n g  f a t i g u e  o n  o r t h o s t a t i c  r e s p o n s e s ,  hemodynamic r e s p o n s e s  

i n c l u d e d  a  1 5 %  d e c r e a s e  i n  c a l f  b l o o d  f l o w ,  1 9 %  i n c r e a s e  i n  

venous  p o o l i n g  i n  t h e  c a l f  and  a  c o m p e n s a t o r y  i n c r e a s e  i n  b l o o d  

p r e s s u r e  ( S h v a r t z  e t  a l . ,  1 9 8 2 ) .  T h i s  and o t h e r  e v i d e n c e  -- 
s u g g e s t s  p r o l o n g e d  s i t t i n g  c o n s t i t u t e s  a  l i a b i l i t y  t o  t h e  h e a l t h  

and w e l l - b e i n g  o f  o f f i c e  w o r k e r s .  A c h a i r  wh ich  h a s  h o r i z o n t a l  

b a c k r e s t  a d j u s t m e n t s  and  v a r i a b l e  s e a t - t i l t  p r o v i d e s  f o r  



Figure 3 .  

An example o f  a  chair adjusted into the 
positive seat-pan t i l t  position. 



f r e q u e n t  v a r i a t i o n s  i n  p o s t u r e s  t o  b e  assumed.  V a r i a b l e  s i t t i n g  

p o s t u r e s  stress v a r y i n g  body s t r u c t u r e s ,  e n c o u r a g e  d i f f u s i o n  of 

e s s e n t i a l  n u t r i e n t s  t o  t h e  i n t e r v e r t e b r a l  d i s c s ,  and  a s s i s t  

movement o f  b l o o d  f l o w  i n  t h e  b u t t o c k  and  lower l e g s .  

G e n e r a l  a g r e e m e n t  e x i s t s  w i t h  r e s p e c t  t o  p a d d i n g .  The 

p u r p o s e  o f  p a d d i n g  i s  e s s e n t i a l l y  t o  d i s t r i b u t e  t h e  p r e s s u r e ,  

due  t o  t h e  w e i g h t  o f  t h e  body a t  t h e  p o i n t  o f  i n t e r f a c e ,  o v e r  a  

l a r g e r  s u r f a c e  a r e a .  E x c e s s i v e  p a d d i n g  d e c r e a s e s  t h e  s t a b i l i t y  

o f  t h e  i s c h i a l  t u b e r o s i t i e s ,  r e q u i r i n g  i n c r e a s e d  body 

s t a b i l i z a t i o n  by  i n t e r n a l  m u s c u l e r  a c t i v i t y .  The r a n g e  o f  2.5-5 

c m  s e a t  c o m p r e s s i o n  h a s  been  c o n s i d e r e d  a d e q u a t e  ( P a n e r o  and  

Z e l n i k ,  1 9 7 9 ) .  The f r o n t  e d g e  o f  t h e  s e a t  s h o u l d  c u r v e  

downwards,  t o  p r e v e n t  i r r i t a t i o n  o f  t h e  u n d e r s i d e  o f  t h e  t h i g h s  

be tween  t h e  s e a t  e d g e  a n d - t h e  femur .  The s e a t  and b a c k r e s t  

s h o u l d  b e  s l i p  r e s i s t a n t  and  o f  a  c l o t h  f a b r i c  t o  remove body 

g e n e r a t e d  h e a t  and  m o i s t u r e .  

The VET-Table. I n  t a b l e  d e s i g n  e m p h a s i s  mus t  b e  p l a c e d  on  

t h e  r e l e v a n t  f e a t u r e s  of t h e  t a s k  u n d e r  c o n s i d e r a t i o n ,  i n c l u d i n g  

a n t h r o p o m e t r i c  m e a s u r e s .  

VDT o p e r a t o r s  h a v e  t o  k e e p  t h e i r  h a n d s  on  t h e  k e y b o a r d  and 

d i r e c t  t h e i r  e y e s  a t  t h e  s c r e e n  o r  s o u r c e  document .  T h i s  

r e q u i r e s  a r a t h e r  f i x e d  p o s i t i o n  o f  h a n d s ,  a rms ,  s h o u l d e r s ,  and 

head .  C o n s e q u e n t l y ,  u n d e r s i r a b l e  body p o s t u r e s  a r e  p r i m a r i l y  

c a u s e d  by t h e  l o c a t i o n  o f  t h e  work ing  l e v e l  h e i g h t ,  v i e w i n g  

d i s t a n c e ,  a n g l e  o f  t h e  s c r e e n ,  and t h e  s o u r c e  document .  



The w o r k i n g  l e v e l  i s  d e f i n e d  a s  t h e  d i s t a n c e  b e t w e e n  t h e  

u n d e r s i d e  o f  t h e  t h i g h s  and  t h e  palms o f  t h e  hand .  To  a s s e s s  t h e  

c o r r e c t  w o r k i n g  l e v e l  t h e  correct  s i t t i n g  p o s t u r e  mus t  b e  

assumed .  From a n  a n a t o m i c a l ,  b i o m e c h a n i c a l ,  and  p h y s i o l o g i c a l  

p e r s p e c t i v e ,  t h e  c o r r e c t  s i t t i n g  p o s t u r e  a t  a t a b l e  w i t h  a 

k e y b o a r d  m u s t  a v o i d  e x c e s s i v e  w r i s t  e x t e n s i o n ,  and  m u s t  k e e p  t h e  

e l b o w s  and  f o r e a r m s  down and  h o r i z c n t a l .  U n n e c e s s a r y  a b d u c t i o n  

o f  t h e  u p p e r  a rm or  e l e v a t i o n  o f  t h e  f o r e a r m s  w i l l  r e s u l t  i n  

d i s c o m f o r t  i n  t h e  n e c k  and s h o u l d e r  m u s c l e s ,  w h i c h  s t a b i l i z e  and  

s u p p o r t  t h e  a b d u c t e d  a r m .  F u r t h e r m o r e ,  i f  e l b o w  a b d u c t i o n  

e x c e e d s  2 3  d e g , r e e s  o r  2 . 5  c m  e l e v a t i o n ,  work  m e t a b o l i s m  

i n c r e a s e s  d r a m a t i c a l l y  ( J o n s s o n  a n d  H a g b e r g ,  1 9 7 4 ) .  

~ n t h r o p o n e t r i c ~ l l y ,  t h e  e l b o w  is  2.5-5 c m  a b o v e  t h e  l e v e l  

o f  t h e  t h i g h s .  T h i s  m e a n s - t h a t  t h e  e l e v a t i o n  o f  t h e  k e y b o a r d  

o v e r  t h e  t a b l e  t o p  s h o u l d  b e  k e p t  a s  s m a l l  a s  p o s s i b l e ,  i f  t a b l e  

h e i g h t  i s  n o t  t o  compromise  l e g  room. T h u s ,  t a b l e  h e i g h t  s h o u l d  

c o r r e s p o n d  t o  e l b o w  h e i g h t .  

A n o t h e r  common p r o b l e m  i s  p o s i t i o n i n g  o f  t h e  s c r e e n  so t h a t  

it is  c o m f o r t a b l e  t o  v i e w .  T h i s  i s  i n f l u e n c e d  by t h r e e  

p a r a m e t e r s :  v i e w i n g  d i s t a n c e ,  v i e w i n g  a n g l e  o f  t h e  s c r e e n ,  and  

l o c a t i o n  o f  t h e  s o u r c e  documen t .  I! v i e w i n g  d i s t a n c e  of 45-80 c m  

is recommended ( P u n t i n g  -- e t  a l . ,  1 9 8 1 a ) ,  d e p e n d i n g  o n  o p e r a t o r  

p r e f e r e n c e .  I f  t h e  s c r e e n  d i s t a n c e  i s  n o t  a d j u s t a b l e ,  o p e r a t o r s  

may l e a n  f o r w a r d  t o  r e a d  t h e  s c r e e n  o r  s o u r c e  d o c u m e n t ,  t h u s  

l o s i n g  t h e  b e n e f i t  o f  t h e  b a c k r e s t ,  o r  s t r e t c h  t h e i r  a rms  o u t  i n  

o r d e r  t o  g a i n  some d i s t a n c e  f r o m  t h e  s c r e e n .  



I n  VDT s c r e e n  v i e w i n g ,  t h e  c e n t e r  o f  t h e  s c r e e n  s h o u l d  b e  

p o s i t i o n e d  a t  o p e r a t o r  e y e  l e v e l  o r  s l i g h t l y  be low.  Any f u r t h e r  
, 

l o w e r i n g  o f  t h e  s c r e e n  f o r c e s  t h e  h e a d  t o  b e  t i l t e d  f o r w a r d ,  

a c t i v a t i n g  and  s t r e s s i n g  neck  and b a c k  m u s c l e s  which  mus t  

c o n t r o l  t h e  f l e x i o n .  The l i t e r a t u r e  s u g g e s t s  t h a t  some o p e r a t o r s  

p r e f e r  a  v i e w i n g  a n g l e  o f  a p p r o x i m a t e l y  15-25 d e g r e e s  below t h e  

h o r i z o n t a l ,  and a s c r e e n  a n g l e  o f  0-7 d e g r e e s ,  a s  i l l u s t r z t e d  i n  

F i g u r e  4 (Mi l l e r  and S u t h e r ,  1 9 8 1 ) .  The mos t  l i k e l y  e x p l a n a t i o n  

f o r  t h i s  o b s e r v a t i o n  is t h a t  a t  t h i s  a n g l e  t h e  o v e r h e a d  o f f i c e  

l i g h t s  d i s a p p e a r  f rom t h e  d i r e c t  l i n e  o f  v i s i o n ,  e n e b l i n g  t h e  

e y e s  t o  a d a p t  t o  a  d a r k  s c r e e n .  Lowered v i e w i n g  a n g l e s  a r e  o n l y  

recommended f o r  VDT o p e r a t o r s  who wea r  b i f o c a l s .  The c u n u l a t i v e  

e f f e c t  o f  s u c h  a  p o s t u r e  ( h e a d  t i l t e d  f o r w a r d )  is neck  and back  

p a i n  (Kumar and  S c a i f e ,  1 9 7 9 ) .  TG r e a d  a  s c r e e n  a t  e y e  l e v e l  

would f o r c e  b i f o c a l  w e a r e r s  t o  t i l t  t h e i r  h e a d s  backwards .  

S o u r c e  document  l o c a t i o n  i s  u s u a l l y  f l a t  on  t h e  t a b l e  

s u r f a c e  and t o  o n e  s i d e  o f  t h e  k e y b o a r d ,  T h i s  n e c e s s i t a t e s  

t w i s t i n g  o f  t h e  head  s i d e w a y s  t h r o u g h  a  f a i r l y  l a r g e  a n g l e  and 

b e n d i n g  t h e  head  f o r w a r d  t o  r e d u c e  t h e  v i e w i n g  d i s t a n c e ,  

r e s u l t i n g  i n  c o n s i d e r a b l e  m u s c u l a r  s t r a i n  and f a t i g u e  ( H u n t i n g  

e t  a l . ,  1 9 8 1 a ,  1 9 8 1 b ) .  Hence t h e  u s e  o f  a document  h o l d e r ,  -- 

p l a c e d  a t  t h e  same l e v e l  a s  t h e  VDT s c r e e n ,  h a s  been  a d v o c a t e d .  

& l t e r n a t i v e l y ,  r e l o c a t i o n  o f  t h e  s c r e e n  and s o u r c e  document  may 

be  a p p r o p r i a t e  d e p e n d i n g  on  v i e w i n g  f r e q u e n c y  o f  e i t h e r  o n e  or 

t h e  o t h e r .  



Figure 4. Viewing q l e s  - 20 degrees below eye level  
and a lodegree backward slo-rn of the v!YI' 
screen. 



I n  o r d e r  t o  accommodate t h e  l a y o u t  o f  e q u i p m e n t ,  s i z e  o f  -- 

t h e  t a b l e  becomes  c r u c i a l .  The VIYT s c r e e n  is u s u a l l y  l a r g e r  t h a n  

t h e  p r e v i o u s l y  u s e d  t y p e w r i t e r s ,  s u g g e s t i n g  t h a t  t a b l e s  u s e d  f o r  

a  non-VDT t a s k  a r e  p r o b a b l y  n o t  a d e q u a t e .  F u r t h e r m o r e ,  

a d d i t i o n a l  s p a c e  may b e  r e q u i r e d  f o r  r e f e r e n c e  m a t e r i a l  and  

o t h e r  work d o c u m e n t s ,  i n c l u d i n g  s t o r a g e  f o r  p e r s o n a l  b e l o n g i n g s .  

C ~ m f o r t .  G e n e r a l l y  t h e  f e e l i n g  o f  ' c o m f o r t '  i s  a s s o c i a t e d  

w i t h  a h e a l t h y  s i t t i n g  p o s t u r e  and  a s u i t a b l e  c h a i r  and  t a b l e .  

Hence,  c o m f o r t  h a s  b e e n  u sed  a s  a c r i t e r i o n  f o r  c h a i r  e v a l u a t i o n  

( C o r l e t t  a n d  B i s h o p ,  1 9 7 6 ;  H u n t i n g  e t  a l . ,  1 9 8 1 b ;  D r u r y  and -- 

Coury,  1 9 8 2 ) .  . .Comfort c o n n o t e s  a v a r i e t y  o f  f e e l i n g s  a n d  i s  

d i f f i c u l t  t o  d e f i n e .  I t  h a s  b e e n  s u g g e s t e d  t h a t  i t s  an tonym,  

d i s c o m f o r t ,  a p p a r e n t l y  c a n  b e  s e n s e d  by  t h e  s u b j e c t  and  c a n  b e  

d e s c r i b e d  more e a s i l y .  B r a n t o n  ( 1 9 7 2 )  s u g g e s t s  t h a t  t h e  a b s e n c e  

o f  d i s c o m f o r t  d o e s  n o t  mean t h e  p r e s e n c e  o f  a p c s i t i v e  f e e l i n g  

b u t  m e r e l y  t h e  p r e s e n c e  o f  n o  f e e l i n g  a t  a l l .   his s u g g e s t s  t h a t  

t h e  i d e a l  w o r k s t a t i o n  i s  o n e  i n  wh ich  t h e  p e r s o n  loses a l l  

a w a r e n e s s  o f  h i s  s e a t ,  t a b l e ,  and p o s t u r e .  

E v a l u a t i o n  o f  F u r n i t u r e .  V a r i o u s  r e s e a r c h e r s  and  r e g u l a t o r y  - 

a g e n c i e s  h a v e  d e v e l o p e d  s t a n d a r d s  f o r  c h a i r  and  t a b l e  

a d j u s t a b i l i t y  r a n g e s  ( P a n e r o  and  Z e l n i k ,  1 9 7 9 ;  D r u r y  and  Coury ,  

1982 ;  Eas tman  Kodak C o . ,  1 9 8 3 ) .  P e t h o d s  f o r  e v a l u a t i n g  c h a i r s  

h a v e  i n c l u d e d :  compar ing  c h a i r s  a g a i n s t  a n t h r o p o m e t r i c  d a t a  and 

c h a i r  d e s i g n  p r i n c i p l e s ;  u s i n g  f i t t i n g  t r i a l s  t o  a d j u s t  t h e  

c h a i r  t o  t h e  o p e r a t o r ;  and l a s t l y  e v a l u a t i n g  c h a i r s  

e x p e r i m e n t a l l y  i n  a  l a b o r a t o r y  s e t t i n g  o r  a t  a r e a l  w o r k p l a c e  



( D r u r y  and Coury ,  1 9 8 2 ) .  

The m a j o r  s h o r t c o m i n g  o f  a l l  of t h e s e  methods  i s  t h a t  t h e y  

a r e  n o t  a b s o l u t e  e v a l u a t i o n s  b u t  r e l a t i v e  e v a l u g t i o n s .  Fo r  

example ,  a l t h o u g h  a  p a r a m e t e r  a d j u s t m e n t  r a n g e  o f  a  p r o t o t y p e  

c h a i r  m i g h t  f a l l  w i t h i n  t h e  recommended g u i d e l i n e s ,  t h i s  d o e s  

n o t  mean t h e  c h a i r  s a t i s f i e s  t h e  c o n d i t i o n .  Only  if t h e  

a d j u s t m e n t  r a n g e  e x c e e d s  t h e  recommended r a n g e  d o e s  t h e  c h a i r  

f u l f i l l  t h e  c o n d i t i o n .  F u r t h e r m o r e ,  t e c h n o l o g i c a l  l i m i t a t i o n s  

o f t e n  f o r c e  t h e  d e s i g n e r  t o  compromise be tween  t h e  d e s i r a b l e  

w o r k s t a t i o n  q u a l i t i e s  which a r e  n o t  c o n s i d e r e d  i n  any  o f  t h e s e  

me thods  . 
Tynan ( 1 9 8 1 )  h a s  d e s c r i b e d  a n  o b j e c t i v e  method f o r  

e v a l u a t i n g  f u r n i t u r e  c h a r a c t e r i s t i c s ,  t e rmed  " t h e  e rgonomic  

c o m p o s i t e  s c o r e " .  The e rgonomic  c o m p o s i t e  score r e p r e s e n t s  a n  

a t t e m p t  t o  e v a l u a t e  t h e  e x t e n t  t o  which  o p t i m a l  human f a c t o r s  

f e a t u r e s  h a v e  b e e n  i n c o r p o r a t e d  i n t o  VDT f u r n i t u r e .  The s c o r e  is 

based  o n  r u l e s  f o r  good e rgonomic  d e s i g n ,  " t h e  i d e a l  s t a n d a r d " ,  

which  a r e  d e r i v e d  f rom t h e  l i t e r a t u r e ,  a n t h r o p o m e t r i c  t a b l e s ,  

and  European  r e g u l a t i o n s .  Each f e a t u r e  o n  t h e  c h a i r  o r  d e s k  i s  

m e a s u r e d ,  and  compared t o  t h e  i d e a l  s t a n d a r d .  Eased on  t h e  

d e g r e e  o f  d e v i a t i o n  e a c h  f e a t u r e  i s  m u l t i p l i e d  by a  w e i g h t i n g  

f a c t o r  and g i v e n  a  s c o r e .  The w e i g h t i n g  f a c t o r  makes t h e  scores 

f o r  a  t e s t  i t e m  p r o p o r t i o n a l  t o  t h e  r a n g e  o f  a c c e p t a b l e  m e a s u r e s  

o f  t h a t  i t e m  and  a l l o w s  s c o r e s  w i t h  d i f f e r e n t  u n i t s  t o  be 

c o n s i d e r e d  (Tynan ,  1 9 8 1 ) .  



(M-S=D) x N.F. = N.D.  

M=maximum o r  minimum m e a s u r e  o f  f e a t u r e  

S=maximum or minimum s t a n d a r d  f o r  f e a t u r e  

D = d e v i a t i o n  from s t a n d a r d  

N.F .=weight ing  f a c t o r  f o r  f e a t u r e  

=100/(maximum s t d  - minimum s t d )  

N.D.=weighted d e v i a t i o n  

A l l  t h e  s c o r e d  d e v i a t i o n s  a r e  added  t o g e t h e r  f o r  a  g i v e n  c h a i r  

o r  t a b l e  t o  g i v e  an  e rgonomic  c o m p o s i t e  score. The lower t h e  

e rgonomic  comp.os i te  score t h e  c loser  t h e  f u r n i t u r e  i s  t o  b e i n g  

t h e  " i d e a l "  c h a i r  o r  t a b l e .  The a d v a n t a g e s  o f  t h i s  method a r e  

t h a t  i t  q u a n t i f i e s  d e s i g n  t r a d e - o f f s  and  e l i m i n a t e s  t h e  need  f o r  

l e n g t h y  f i t t i n g  t r i a l s .  A- s a m p l e  c a l c u l a t i o n  i s  i n  ~ p p e n d i x  P .  

C r i t i q u e  o f  t h e  Ergonomic Compos i t e  S c o r e  -- 

Tynan ( 1 9 8 1 )  made no  a - t t e m p t  t o  v a l i d a t e  h i s  method 

(Appendix  A )  f o r  c o m p i l i n g  a n  e r g o n o m i c  c o m p o s i t e  score f o r  

f u r n i t u r e .  One method o f  v a l i d a t i o n  i s  t o  compare t h e  v a l u e s  

d e t e r m i n e d  b y  t h e  t e c h n i q u e  f o r  d i f f e r e n t  f u r n i t u r e  i t e m s  w i t h  

r a t i n g s  z s s i g n e d  t o  t h e s e  p i e c e s  by z c t u a l  u s e r s  ( c r i t e r i o n  

v a l i d a t i o n ) .  I n  o t h e r  w o r d s ,  s u b j e c t i v e  e v a l u a t i o n s  by u s e r s  a r e  

compared w i t h  t h e  t h e o r e t i c a l  e r g o n o m i c  c o m p c s i t e  score. Shou ld  

t h e  r e s u l t s  c o r r e l a t e  ( i . e . ,  t h e  c h a i r  p r e f e r r e d  by u s e r s  i s  

a l s o  t h e  o n e  w i t h  t h e  lowest  e r g o n o m i c  score) ,  t h e  v a l i d i t y  f o r  

u s i n g  t h e  e rgonomic  c o m p o s i t e  score a s  a n  e v a l u a t i o n  t e c h n i q u e  

is d e m o n s t r a t e d .  The Tynan method a l s o  h a s  i n h e r e n t l y  h i g h  



c o n t e n t  v a l i d a t i o n ,  a s  t h e  c o n t e n t  is b a s e d  on  p r e v i o u s l y  

e s t a b l i s h e d  l i t e r a t u r e  ( C a k i r  e t  a l . ,  1 9 7 9 ;  P a n e r o  and Z e l n i k ,  -- 
1979;  F a n d e l ,  1 9 8 1 ;  Eestman Kodak C o . ,  1 9 8 3 ) .  The e rgonomic  

c o m p o s i t e  score may be  u s e f u l  a s  a n  e v a l u a t i v e  too l .  However, 

t h e r e  a r e  s e v e r a l  w e a k n e s s e s  i n  t h e  method w h i c h ,  i f  m o d i f i e d  or  

e v a l u a t e d ,  c o u l d  make t h e  score more a c c e p t a b l e ,  v e r s a t i l e ,  and 

r i g o r o u s .  

The d i s t r i b u t i o n  r a n g e s  g i v e n  f o r  t h e  s t a n d a r d  e rgonomic  

c h a i r  and t a b l e  w i l l  s a t i s f y  90% o f  t h e  u s e r  p o p u l a t i o n  ( i . e .  

from t h e  5 t h  t o  9 5 t h  p e r c e n t i l e ) .  O r i g i n a l l y  Tynan ( 1 9 8 1 )  

s u g g e s t e d  t h a t  t h e  m a g n i t u d e  of a n y  a d j u s t a b l e  p a r a m e t e r  had t o  

exceed  t h e  r a n g e  o f  t h e  s t a n d a r d  i n  o r d e r  t o  o b t a i n  a  score o f  

z e r o .  I f  i t  is  w i t h i n  t h e  r a n g e ,  t h e  l a r g e r  d e v i a t i o n  of t h e  two 

u n s a t i s f i e d  c o n d i t i o n s  i s - t o  b e  added o n t o  t h e  e r g o n o m i c  

c o m p o s i t e  score. On t h e  o t h e r  h a n d ,  i f  a  f i x e d  p r a m e t e r  f a l l s  

w i t h i n  t h e  g i v e n  r a n g e  s t a n d a r d ,  it i s  c o n s i d e r e d  t o  h a v e  

s a t i s f i e d  t h e  c o n d i t i o n  o f  t h e  s t a n d a r d  and is a s s i g n e d  a  score 

o f  0 .  The f a l l a c y  o f  t h i s  l a t t e r  a s s u m p t i o n  is t h a t  t h e  

d i m e n s i o n  n a y  o n l y  b e  s u i t a b l e  f o r  a  s m a l l  p e r c e n t a g e  o f  t h e  

u s e r s .  R s  a n  e x a m p l e ,  assume t h a t  a  s e a t  w i d t h  f o r  a  g i v e n  c h a i r  

is  410 mm ( s a t i s f y i n g  a p p r o x i m a t e l y  20% o f  t h e  u s e r s ) .  T h i s  

measurement  f a l l s  w i t h i n  t h e  s t a n d a r d  r a n g e  o f  400-450 mm 

( 5 t h - 9 5 t h  p e r c e n t i l e  o f  u s e r s )  and  h e n c e ,  a c c o r d i n g  t o  Tynan ,  i t  

o b t a i n s  a  score o f  z e r o .  S i m i l a r l y ,  a n o t h e r  c h a i r  w i t h  s e a t  

width=440mm a l s o  would b e  e v a l u a t e d  a s  0 e v e n  t h o u g h  i t  

s a t i s f i e s  a p p r o x i m a t e l y  70% o f  t h e  u s e r  p o p u l a t i o n .  T h e s e  s u b t l e  



d i f f e r e n c e s  n e e d  t o  b e  a d d r e s s e d  a s  i n d u s t r i e s  become more 

c o m p e t i t i v e  a n d  c h a i r s  become more s i m i l a r  t o  o n e  a n o t h e r .  

S i n c e  t h e  f i x e d  c h a i r  d i m e n s i o n s  f o u n d  i n  t h i s  s t u d y  

f r e q u e n t l y  f a l l  i n t o  t h e  r a n g e  o f  t h e  e r g o n o m i c  s t a n d a r d ,  

t h e r e b y  o b t a i n i n g  a  s c o r e  o f  z e r o ,  I d e c i d e d  t h a t  a  m o r e  

s t r i n g e n t  t e s t  e v a l u a t i o n  w a s  n e e d e d .  To a c h i e v e  t h i s ,  o n l y  o n e  

e n d  o f  t h e  s t a n d a r d  r a n g e  f o r  e a c h  p a r a m e t e r  w a s  d e t e r m i n e d  a s  

b e i n g  a c c e p t a b l e .  T h u s  f o r  t h e  s e a t  w i d t h  s t a n d a r d  o f  300-360 

mm, t h e  u p p e r  l i m i t  of 3 6 0  mm w a s  p r e f e r r e d  w h i c h  would  s a t i s f y  

9 0 %  of t h e  p o p u l a t i o n  w i t h o u t  c a u s i n g  d i s c o m f o r t  t o  s l e n d e r  

u s e r s .  S i m i l a r .  r a t i o n a l i z a t i o n  w a s  a p p l i e d  t o  t h e  o t h e r  f i x e d  

d i m e n s i o n s ,  t h e  e n d  r e s u l t  b e i n g  t h a t  a J l  f i x e d  d i m e n s i o n s  

a c t u a l l y  h a d  t o  r e a c h  t h e  u p p e r  l i m i t  o f  t h e  e r g o n o m i c  s t a n d a r d  

r a n g e s  ( t h e r e b y  s a t i s f y i n g  a t  l e a s t  90% o f  t h e  p o p u l a t i o n )  t o  

a c h i e v e  a  0 s c o r e .  The e x c e p t i o n  i s  s e a t  d e p t h ,  whose  l o w e r  

l i m i t  r e q u i r e m e n t s  became t h e  s t a n d a r d  t o  a v o i d  c a l f  i r r i t a t i o n  

i n  s h o r t  l e g g e d  u s e r s .  

A n o t h e r  p r o b l e m  w i t h  t h e  o r i g i n a l  Tynan  method  is t h a t  i t  

d o e s  n o t  d i f f e r e n t i a t e  b e t w e e n  a d i m e n s i o n  t h a t  is  a d j u s t a b l e  

f o r  h a l f  t h e  p o p u l a t i o n  ( e . g . ,  5 t h - 5 0 t h  p e r c e n t i l e ) ,  a n d  o n e  

t h a t  i s  f i x e d  a t  t h e  5 0 t h  p e r c e n t i l e .  F o r  e x a m p l e ,  t h e  e r g o n o m i c  

s t a n d a r d  f o r  s e a t  h e i g h t  i s  370-520mm. One c h a i r  may b e  

a d j u s t a b l e  f r o m  370-445mm a n d  a n o t h e r  c h a i r  n a y  h a v e  a f i x e d  

s e a t  h e i g h t  o f  445mm. By T y n a n ' s  me thod  b o t h  c h a i r s  would  o b t a i n  

t h e  same e r g o n o m i c  score, s i n c e  445mn i s  e q u i - d i s t a n t  f r o m  

e i t h e r  end  o f  t h e  r a n g e .  However ,  t h e  former c h a i r  s a t i s f i e s  4 5 %  



o f  t h e  u s e r s ,  b u t  t h e  l a t t e r  c h a i r  o n l y  a  f r a c t i o n  o f  u s e r s  who 

happen  t o  h a v e  a p o p l i t e a l  h e i g h t  a t  or  n e a r  445mm. To i n c r e a s e  

t h e  r i g o r  o f  t h e  f o r m u l a  i n  t h i s  a s p e c t ,  t h e  a d j u s t a b l e  

p a r a m e t e r  had  t o  exceed  t h e  r a n g e  a t  b o t h  e n d s  t o  o b t a i n  a  s c o r e  

o f  z e r o .  I f  n e i t h e r  o f  t h e  c o n d i t i o n s  were s a t i s f i e d  b o t h  were  

added on  t o  t h e  e rgonomic  c o m p o s i t e  s c o r e .  P u l e s  f o r  c h a i r  

e v a l u a t i o n ,  and sample  c a l c u l a t i o n s  o f  T y n a n ' s  method and t h e  

m o d i f i e d  v e r s i o n  o f  t h e  e rgonomic  c o m p o s i t e  s c o r e ,  a r e  

s u n m a r i z e d  i n  Appendix A and B r e s p e c t i v e l y .  ~ p p e n d i c e s  C and D 

summarize t h e  r u l e s  f o r  e v a l u a t i n g  VDT d e s k s .  

F u r t h e r  p ~ o b l e m s  w i t h  t h e  Tynan p r o c e d u r e  a r e  t h a t  a l l  

v a r i a b l e s  a r e  c o n s i d e r e d  t o  b e  i n d e p e n d e n t  o f  one  a n o t h e r  and 

t h a t  t h e  n o r m a l i z a t i o n  f a c t o r s  a r e  z r b i t r a r y .  However, no  s t u d y  

t o  my knowledge  h a s  y e t  e x m i n e d  t h e  i n t e r r e l a t i o n s h i p  o f  c h a i r  

a n d / o r  d e s k  p a r a m e t e r s ,  n o r  q u a n t i f i e d  t h e  i m p o r t a n c e  o f  o n e  

p a r a m e t e r  v e r s u s  a n o t h e r .  T y n a n ' s  i n d e p e n d e n c e  and n o r m a l i z a t i o n  

a s s u m p t i o n s  t h e r e f o r e  were a l s o  used  i n  t h i s  s t u d y .  

L a s t l y ,  t h e r e  may b e  o t h e r  f a c t o r s  n o t  c o n s i d e r e d  i n  t h e  

Tynan f o r m u l a  t h a t  may be  d e c i s i v e  i n  d e t e r m i n i n g  which c h a i r  o r  

d e s k  i s  p r e f e r r e d  ( e . g . ,  l o c a t i o n  2nd e a s e  o f  o p e r z t i n g  

a d j u s t m e n t  l e v e r s ) ,  q u a l i t i e s  d i f f i c u l t  t o  q u a n t i f y  b u t  

n e c e s s a r y  t o  e v a l u a t e  when c h o o s i n g  a d j u s t a b l e  f u r n i t u r e .  



111. THE STUDY 

A c o m f o r t a b l e  and  h e a l t h y  work ing  p o s t u r e  w h i l e  o p e r a t i n g  a  

VDT is d i f f i c u l t  o r  i m p o s s i b l e  t o  a c h i e v e  w i t h  a f i x e d  t a b l e  o r  

c h a i r  h e i g h t ,  e s p e c i a l l y  f o r  s h o r t  o r  l a r g e  o p e r a t o r s .  T h i s  h a s  

encouraged  f u r n i t u r e  d e s i g n e r s  t o  d e v e l o p  VET t a b l e s  w i t h  

i n d e p e n d e n t l y  a d j u s t a b l e  VDT s u r f a c e s  and k e y b o a r d  s u r f a c e s ,  

a l o n g  w i t h  a d j u s t a b l e  c h a i r s .  However,  d u e  t o  t h e  v a r i a b l e  

a p p l i c a t i o n s  o f  s t a n d a r d s  and d e s i g n  compromises ,  VDT f u r n i t u r e  

a d j u s t a b i l i t y  r a n g e s  a re  i n c o n s i s t e n t  and h i g h l y  v a r i a b l e .  

C o n s i d e r i n g  t h e  numerous s y s t e m s  on  t h e  m a r k e t ,  q u e s t i o n s  

a r i s e  a s  t o  w h i c h  o n e  t o  p u r c h a s e ,  or  which  p a r t  o f  a  s y s t e m  

s h o u l d  be g i v e n  p r i o r i t y  i n  p u r c h a s i n g  when i n v e s t m e n t  i s  

l i m i t e d .  F u r t h e r m o r e ,  p r i o r  t o  p u r c h a s i n g ,  some k i n d  o f  

e v a l u a t i o n  becomes a l l  t h e  more i m p o r t a n t  when t h e  f u r n i t u r e  is 
8 

b e i n g  used  i n  a  n u l t i - u s e r  ( s h a r i n g  a  w o r k s t a t i o n )  s i t u a t i o n . ,  

and 30-95% o f  t h e  u s e r  p o p u l a t i o n  mus t  b e  a c c o m o d a t e d  t o  a v c i d  

p o s t u r e  r e l a t e d  d i s c o m f o r t s .  The o b j e c t i v e  o f  t h i s  s t u d y  is t o  

e v a l u a t e  t h r e e  c h a i r s  and t h r e e  VET t a b l e s ,  a d v e r t i s e d  by t h e  

m a n u f a c t u r e r  a s  ' e r g o n o m i c a l l y  d e s i g n e d '  by compar ing  u s e r  

p r e f e r e n c e  w i t h  e r g o n o m i c  c o m p o s i t e  s c o r e s  u s i n g  T y n a n ' s  method 

( 1 9 8 1 )  and t h i s  s t u d y ' s  m o d i f i e d  method .  P f u r t h e r  o b j e c t i v e  is  

t o  v a l i d a t e  t h e  e r g o n o m i c  c o m p o s i t e  score a s  a n  a c c e p t a b l e  and 

s i m p l e  t e c h n i q u e  f o r  e v a l u a t i n g  c h a i r s  and  t a b l e s ,  t h e r e b y  

p r o v i d i n g  i n s i g h t  i n t o  t h e  q u e s t i o n  o f  how t h e  e rgonomic  

a t t r i b u t e s  o f  modern f u r n i t u r e  and e q u i p m e n t  may b e  a n a l y z e d  i n  

an  o b j e c t i v e  manner .  T h i s  l e a d s  t o  t w o  s p e c i f i c  h y p o t h e s e s  f o r  



t h i s  s t u d y :  (1) t h a t  r a n k i n g  o f  VDT f u r n i t u r e  by  t h e  o b j e c t i v e  

Tynan o r  m o d i f i e d  method c a n  b e  d i r e c t l y  c o r r e l a t e d  w i t h  u s e r  

s u b j e c t i v e  e v a l u a t i o n ;  and ( 2 )  t h e  m o d i f i e d  method p r o v i d e s  a 

b e t t e r  c o r r e l a t i o n  w i t h  t h e  s u b j e c t i v e  r a n k i n g s  t h a n  t h e  

( o r i g i n a l )  Tynan method.  

I V .  METHODS 

Recommended Ergonomic S t a n d a r d .  

VDT w o r k s t a t i o n s  and s i t t i n g  p o s t u r e s  h a v e  been  e x t e n s i v e l y  

e v a l u a t e d  i n  Europe  and t h e  U . S .  ( C a k i r  e t  a l . ,  1979 ;  Floyd and -- 

R o b e r t s ,  1 9 5 8 ;  G r a n d j e a n  and V i g l i a n i ,  1980 ;  Hun t ing  e t  a l . ,  -- 

1381a ;  S c h o b e r t h ,  1973;  and S t a n m e r j o h n  e t  a l . ,  1 9 8 1 ) .  I n  -- 

a d d i t i o n ,  some European  c o u n t r i e s  (Sweden,  Germany, E n g l a n d )  

have  d e v e l o p e d  s t a n d a r d s  which s p e c i f y  b o t h  v o l u n t a r y  and 

m a n d a t o r y  d e s i g n  r e q u i r e m e n t s  f o r  V D T ' s ,  t a b l e s ,  and c h a i r s .  

F u r t h e r m o r e ,  human e n g i n e e r i n g  d a t a  e x i s t  ( P a n e r o  and 

Z e l n i k ,  1 9 7 9 ;  Eastman Kodak C o . ,  1 9 6 3 )  and c a n  b e  a p p l i e d  t o  t h e  

e rgonomic  d e s i g n  o f  VET w o r k s t a t i o n s .  

Based o n  t h e  above  s o u r c e s ,  e rgonomic  s t a n d a r d s  f o r  o f f i c e  

c h a i r s  and  VDT d e s k s  were  d e v e l o p e d  t o  s u i t  o p e r a t o r  d i m e n s i o n s  

and  i n d i v i d u a l  r e q u i r e m e n t s  encompass ing  30% of t h e  p o p u l a t i o n  

( 9 5 t h  p e r c e n t i l e  ma le  t o  5 t h  p e r c e n t i l e  f e m a l e )  (3-ppendix E l .  

F l e x i b i l i t y  is an  e s s e n t i a l  p a r t  o f  t h e  d e s i g n  o f  f u r n i t u r e  f o r  

a n y  w o r k s t a t i o n .  , 

VDT C h a i r s  and Desks - 



S u b j e c t  C h a r a c t e r i s t i c s .  S i x t e e n  VET u s e r s  ( 1 4  f e m a l e  and  2  

male) f rom t h e  c a t a l o g u i n g  d e p a r t m e n t  o f  t h e  Simon F r a s e r  

U n i v e r s i t y  l i b r a r y  p a r t i c i p a t e d  i n  t h e  s t u d y .  Th,e h e i g h t  and  a g e  

of t h e  s u b j e c t s  r a n g e d  f r o m  152-183 c m  and  21-60 y e a r s ,  

r e s p e c t i v e l y  ( T a b l e  1) .  

TABLE 1: S u b j e c t  C h a r a c t e r i s t i c s  ( n = 1 6 )  

FPJJGE KEAN S.D. 

H e i g h t  ( c m )  152-183 1 6 5  8 .5  

Pge ( y e a r s )  21-60 40 1 1 . 3  

Number o f  Y e a r s  Work ing  2-40 1 5  9 . 8  

E y e g l a s s e s  .... l 3  r e s p o n d e n t s  wore g l a s s e s  

b o r k s t a t i o n s .  The s u b j e c t s  s h a r e d  f o u r  i d e n t i c a l  VDT 

w o r k s t a t i o n s  f o r  v a r y i n g  l e n g t h s  o f  t i m e ,  f rom 1 t o  6  h o u r s  p e r  

d a y .  T h e  d i m e n s i o n s  o f  t h e  VDT s c r e e n s  i n  u s e  were 343mm h i g h ,  

413mm wide  and  381mm d e e p .  The k e y b o a r d  was 48mm i n  h e i g h t  

(A,S,D,  ... r o w ) ,  420mm w i d e ,  and  203mm d e e p .  The k e y b o a r d  was  

a t t a c h e d  t o  t h e  s c r e e n  b y  a 30cm c o r d ,  p r o v i d i n g  some 

f l e x i b i l i t y  i n  l o c a t i o n  ( P h o t o  1 ) .  P r i o r  t o  s e t t i n g - u p  t h e  new 

f u r n i t u r e ,  a  q u e s t i o n n a i r e  ( f i ppend ix  G )  was d i s t r i b u t e d  t o  

e v a l u a t e  t h e  e x i s t i n g  ( o r i g i n a l )  w o r k s t a t i o n s  and work 

e n v i r o n m e n t .  The o r i g i n a l  w o r k s t a t i o n  r e f e r s  t o  t h e  t a b l e  and  

c h a i r  i n  u s e  a t  t h e  l i b r a r y  p r i o r  t o  t h e  i n t r o d u c t i o n  o f  t h e  new 

w o r k s t a t i o n s .  The q u e s t i o n n a i r e  q u e r i e s  t h e  mos t  common s o m a t i c  



c o m p l a i n t s  o f  VDT o p e r a t o r s ,  i n  a d d i t i o n  t o  d e t e r m i n i n g  t h e  

e f f e c t s  c h a i r  and d e s k  c h a r a c t e r i s t i c s  h a v e  on  c o m f o r t  and  t a s k  

f u n c t i o n .  I t  a l s o  a s s e s s e s  t h e  e a s e  o f  a d j u s t m e n t s .  

" E r g o n o m i c a l l y "  d e s i g n e d  c h a i r s  and d e s k s  were g i v e n  o n  l o a n  by 

t h r e e  m a n u f a c t u r e r s .  The t h r e e  c h a i r s  were m a n u f a c t u r e d  by 

Labofa ,  Gutman and  Helse; t h e  t h r e e  t a b l e s  were m a n u f a c t u r e d  by 

Gutman, N K R ,  and K a r i n k o .  

The o r i g i n a l  c h a i r  h a s  a s w i v e l  h e i g h t  a d j u s t m e n t ,  and 

v a r i a b l e  b a c k r e s t  t e n s i o n  ( P h o t o  1 ) .  The Gu tnan  c h a i r  ( P h o t o  2 )  

h a s  a  p n e u m a t i c  h e i g h t  a d j u s t m e n t ,  a  c o n t o u r e d  s e a t  p a n ,  and a 

cam l o c k  1 e v e r . w h i c h  a d j u s t s  b o t h  b a c k r e s t  h e i g h t  and  h o r i z o n t a l  

a d j u s t m e n t .  The L a b o f a  c h a i r  ( P h o t o  3 )  h a s  a  r a t h e r  l a r g e ,  f l a t  

s e z t - p a n  w i t h  a  screw t y p e  l e v e r  f o r  b a c k r e s t  a d j u s t m e n t s .  The 

Helse c h a i r  ( P h o t o  4 )  i s  t h e  o n l y  c h a i r  which  h a s  a  

p n e u m a t i c a l l y  c o n t r o l l e d  h o r i z o n t a l  b a c k r e s t  a d j u s t m e n t .  The 

s e a t  pan  i s  s l i g h t l y  c o n t o u r e d  and c a p a b l e  o f  t i l t i n g  1 0  d e g r e e s  

f o r w a r d .  I n  t h e  e n s u i n g  s t u d y ,  t h e  Gutman, L a b o f a ,  and Helse 

c h a i r s  w i l l  b e  r e f e r r e d  t o  a s  c h a i r s  A ,  B ,  and C r e s p e c t i v e l y .  

E x c e p t  f o r  t h e  o r i g i n a l  t a b l e ,  a l l  t h e  t a b l e s  t e s t e d  had 

s e p a r a t e  s u r f a c e s  f o r  t h e  keyboard  and  t h e  s c r e e n .  The o r i g i n a l  

t a b l e  s u r f a c e  w a s  n o n - a d j u s t a b l e ,  w i t h  a  f l a t  work s u r f a c e  a t  a  

h e i g h t  o f  640mm ( P h o t o  1 ) .  The p r i m a r y  d i f f e r e n c e s  be tween  t h e  

N K R  ( P h o t o  5 )  , Gutman ( P h o t o  6 )  , and K a r i n k o  ( P h o t o  7 )  t a b l e s  

a r e  t h e  l o c a t i o n s  o f  t h e  a d j u s t m e n t  c r a n k s .  To a d j u s t  t h e  s c r e e n  

s u r f a c e  o f  t h e  Gutman t a b l e ,  a  l e v e r  u n d e r n e a t h  t h e  s u r f a c e  h a s  

t o  b e  p u l l e d  o u t ,  and  t h e  work s u r f a c e  s u b s e q u e n t l y  m u s t  b e  



l e a n e d  on  and  pushed  down. The NKF l e v e r  a d j u s t m e n t s  a r e  l o c a t e d  

u n d e r n e a t h  t h e  t a b l e  s u r f a c e  ( o n  t h e  p a n e l  t h a t  h o u s e s  t h e  

a d j u s t m e n t  m e c h e n i s n ) ,  and r e q u i r e  r e l a t i v e l y  s i m p l e  c r a n k i n g  t o  

a d j u s t  t h e  work s u r f a c e  h e i g h t s .  The Mar inko  t a b l e  i s  u n i q u e  i n  

t h a t  t h e  a d j u s t m e n t s  a r e  l o c a t e d  on  t h e  s u r f a c e  o f  t h e  t a b l e ,  s o  

t h a t  t h e  t a b l e  c a n  b e  a d j u s t e d  i n  a n  u p r i g h t  p o s t u r e .  I n  t h i s  

s t u d y ,  t h e  N K R ,  Gutman, 2nd Mar inko  t a b l e s  w i l l  b e  r e f e r r e d  t o  

a s  Desks  E ,  F and G ,  r e s p e c t i v e l y .  

T h r e e  o f  t h e  o r i g i n a l  w o r k s t a t i o n s ,  were r e p l a c e d  w i t h  

t h r e e  new w o r k s t a t i o n s ,  s e t - u p  w i t h  t h e  bor rowed equ ipmen t .  The 

r a t i o n a l e  f o r  c h o o s i n g  t h e  l i b r a r y  s i t e  a r e :  ( i )  t h e  l i b r a r y  was 

i n t e r e s t e d  i n  p u r c h a s i n g  ' e r g o n o m i c a l l y '  d e s i g n e d  VDT f u r n i t u r e  

f o r  t h e i r  VDT w o r k s t a t i o n s ;  and ( i i )  t h e  w o r k s t a t i o n s  i n  t h e  

l i b r a r y  a r e  i n  a  m u l t i - u s e r  f o r m a t ,  c o n f o r m i n g  t o  t h e  p r e d i c t e d  

model  o f  f u t u r e  ' s h a r e d '  w o r k s t a t i o n s ,  wh ich  w i l l  n e c e s s i t a t e  

t h e  accommodat ion o f  a  w ide  v a r i e t y  o f  w o r k e r s .  

The new f u r n i t u r e  was e v a l u a t e d  by e a c h  VET u s e r  a f t e r  a  

l o ~ n  p e r i o d  o f  a p p r o x i m a t e l y  t h r e e  weeks.    his t i m e  p e r i o d  

e n a b l e d  t h e  w o r k e r s  t o  become accus tomed  t o  t h e  f u r n i t u r e .  The 

same q u e s t i o n n a i r e  (Appendix  G )  t h a t  was used  t o  e v a l u a t e  t h e  

o r i g i n a l  w o r k s t a t i o n  was used  t o  e v a l u a t e  t h e  new w o r k s t a t i o n s .  

I n  a d d i t i o n ,  a  v i s u a l  a n a l o g u e  q u e s t i o n n a i r e  (Appendix  G )  wss 

used  t o  d e t e r m i n e  t h e  f r e q u e n c y  o f  u s e  and w h e t h e r  o r  n o t  t h e  

f u r n i t u r e  was a d j u s t e d  t o  t h e  u s e r s '  r e q u i r e m e n t s .  S e m i n a r s  and 

g u i d e l i n e s  a l s o  w e r e  g i v e n ,  t o  t e a c h  u s e r s  how t o  a d j u s t  t h e  new 

f u r n i t u r e  t o  a c h i e v e  optimum work ing  p o s t u r e s .  



PHOTO 1. E x i s t i n g  ( o r i g i n a l  ) Work S t a t i o n .  



PHOTO 2. 

Chai r  A - G u t m a n n  



PHOTO 3. 

Cha i r  B - Labofa 



PHOTO 4. 

Chai r  C - He1 se  



PHOTO 5. 

Desk E - NKR 



PHOTO 6 .  

IT- 

Desk F - Gutmann 



PHOTO 7 .  

Desk G - Marinko 



Data Analysis. Questionnaires were evaluated using 

frequency analysis and Fischer's Exact Test, applied when there 

are fewer than 21 cases, (Hull and Nie, 1979) t~ assess whether 

there are any associations between overall furniture rating and 

somatic complaints of back, neck or shoulder pain, and arm 

stiffness. Einomial testing (Crow et al., 1960) was applied to -- 

measure differences in preferences for the new desk and chair 

characteristics compared to the original workstation. 

Quantitative evaluation of the furniture is based on the 

formula developed by Tynan (1981), and this study's nodified 

formula, both of which assign a score to each feature on the 

desk or chair, as it compares to the 'ideal standard' set out by 

anthropometric and biomechanical data. All the scored deviations 

are added together, for any given chair or table, to give an 

ergonomic composite score for the item. The lower the ergonomic 

composite score, the closer the item is to being the 'ideal' 

chair or table. Rules for calculating the composite score, and 

sample calculations, are given in Appendices k - D. 

Chair parameters measured were the range of seat and 

beckrest height (vertical) adjustability, seat depth and width 

dimensions and angle adjustability, and backrest width and 

height dimensions and horizontal (fore and aft) adjustability 

(Figure 5) . 
The VDT desk dimensions must consider the dimensions of the 

VDT (due to the different models available), since it is the VDT 

set up (screen and keyboard dimensions) that defines the 



n e c e s s a r y  d e s k  r e q u i r e m e n t s  e s s e n t i a l  t o  a good w o r k i n g  p o s t u r e .  

For  example ,  t h e  c r i t e r i a  d e v e l o p e d  for  t h e  e r g o n o m i c  s t a n d a r d  

d e s k  ( F i g u r e  6 )  i n c l u d e  VDT s c r e e n  h e i g h t  and  k e y b o a r d  h e i g h t  

(home-row r e f e r e n c e  p o i n t ) .  T h e s e  p a r a m e t e r s  i n  t u r n  d e t e r m i n e  

v i e w i n g  a n g l e  and  d i s t a n c e ,  and t h e  k e y b o a r d - w r i s t  r e l a t i o n s h i p ,  

r e s p e c t i v e l y .  F i g u r e s  5 and 6 s u m a r i z e  a l l  o f  t h e  c h a i r  and 

d e s k  c h a r a c t e r i s t i c s  t h a t  a r e  e v a l u a t e d  i n  t h i s  s t u d y .  The 

methods  o f  measurement  o f  t h e  d i m e n s i o n s  a r e  d e f i n e d  i n  Zppendix  

F. U s e r  q u e s t i o n n a i r e  o v e r a l l  f u r n i t u r e  d i s c o m f o r t  r a t i n g  was 

p l o t t e d  a g a i n s t  t h e  e rgonomic  c o m p o s i t e  scores d e v e l o p e d  by t h e  

two me thods  d e s c r i b e d  above .  F - s q u a r e  v a l u e s  u s i n g  Spearman Rho 

c o r r e l a t i o n  c o e f f i c i e n t s  ( H u l l  and N i e ,  1 3 7 9 )  were c a l c u l a t e d  

f o r  c h a i r s  and  d e s k s  ( T a b l e s  6 a ) .  

V.  RESULTS 

Q u e s t i o n n a i r e  r e s p o n s e s  (P-ppendix G) i n d i c a t e  t h a t  no  one  

w o r k s t a t i o n  was p r e d o m i n a n t l y  u sed  d u r i n g  t h e  t h r e e  week t e s t  

p e r i o d .  However,  u s e r s  r e p o r t e d  l e s s  f r e q u e n t  u s a g e  o f  T a b l e  A 

due  t o  i t s  complex a d j u s t m e n t  mechanism.  N i n e t y  p e r c e n t  o f  t h e  

t i m e ,  c h a i r s  were r e a d j u s t e d  t o  s u i t  t h e  u s e r ,  w h e r e a s  t a b l e  

a d j u s t m e n t  depended  upon w h e t h e r  t h e  new u s e r  was s a t i s f i e d  w i t h  



F i g u r e  5: C h a i r  M e a s u r e m e n t s  a n d  V a l u e s  f o r  

t h e  Zrgonornic S t a n d a r d  ( m m )  . 

(i) F r o n t  V i e w  (ii) S i d e  View 

a - s e a  t h e i g h t  ad  j u s t r n e n t  (370- 5 2 0 )  
b - s e a t  d e p t h  (380-420) 
c-se3 t rri.3 t h  (40 0-450) 
d - s e a t  a n g l e  ( - 5  t o  +10 d e g z e e s )  
e-backrest w i d t h  ( 3 0 0 - 3 6 0 )  
f - b a c k r e s t  h e i g h t  (230-300) 
g-backr est h e i g h t  a d j u s t m e n t  (70- 80)  
h - h o r i z o n t a l  backrest a d  jutmen t (350-500) 
s - s e a t  pan 
(Refer t o  Appendix  r" for d e f i n i t i o n s  of measurement) .  



Pigure 6: D e s k  P l e a s u r e m e n t s  and V a l u e s  f o r  

t h e  Ergonomic S t a n d a r d  (ma). 

(i) F r o n t  v i e w  (ii) Side view 

a - k e y b o a r d  h e i g h t  r a n g e  (690-750) 
b - s c r  een height r a n g e  ( 1  900-1250)  
c - v i e w i n g  d i s t a n c e  (450- 700) 
d-work s u r f a c e  width 11200-1600)  
e-work s u r f a c e  d e p t h  (800-900)  
f-leg c l e a r a n c e  h e i g h t  (650-720)  
g- leg c l e a r a n c e  d e p t h  (430-460)  
h - l e g  c l e a r a n c e  w i d t h  (500-600) 
k-keyboard s u r f a c e  
s-scr e e n  s u r f a c e  

(Refer to Appendix F f o r  d e f i n i t i o n  of  m e a s u r e a e n t ) .  



t h e  s e t - u p  l e f t  b y  t h e  p r e v i o u s  u s e r .  

Due t o  t h e  s m a l l  s u b j e c t  sample s i z e ,  s t a t i s t i c a l  a n a l y s i s  

o f  t h e  q u e s t i o n n a i r e  c a n  o n l y  i n d i c a t e  t r e n d s .  The s t u d y  is 

e x p l o r a t o r y  r a t h e r  t h a n  c o n f i r m a t o r y .  

QUESTIONNZIRE A N A L Y S I S  

S u b j e c t  S o m a t i c  C o m p l a i n t s .  

A s  shown i n  T a b l e  2 ,  t h e  m o s t  f r e q u e n t l y  r e p o r t e d  

c o m p l a i n t s  were: b a c k  p a i n ,  n e c k / s h o u l d e r  p a i n ,  a r m  

p a i n / s t i f f n e s s ,  i t c h y ,  t e a r i n g  e y e s ,  a n d  p a i n f u l  o r  s t i f f  l e g s .  

$11 o t h e r  c o m p l a i n t s  were m e n t i o n e d  b y  less t h a n  o n e - t h i r d  o f  

t h e  r e s p o n d e n t s .  By F i s c h e r ' s  E x a c t  T e s t ,  n o  s t a t i s t i c a l l y  

s i g n i f i c a n t  r e l a t i o n s h i p  was f o u n d  b e t w e e n  a n y  o f  t h e  h e a l t h  

c o m p l a i n t s  a n d  a g e  ( < 4 0 ,  > 4 0 ) ,  p h y s i c a l  h e i g h t  ( ( 6 6  i n c h e s ,  > 6 6  

i n c h e s )  o r  t h e  number  o f  y e a r s  w o r k e d  ( < l o  y e a r s ,  > 1 0  y e a r s ) .  

None o f  t h e  u s e r s  s u f f e r e d  a r t h r i t i s ,  r h e u m a t i s m ,  g l a u c o m a ,  

c o l i t i s ,  c a t a r a c t s ,  or  h e m o r r h o i d s  - d i s e a s e s  w h i c h  c o u l d  a f f e c t  

t h e  s u b j e c t i v e  e v a l u a t i o n  o f  t h e  c h a i r s  a n d  t a b l e s .  T h i r t e e n  of 

t h e  o p e r a t o r s  wore c o r r e c t i v e  l e n s e s ,  o f  w h i c h  3 were b i f o c a l s  

( T a b l e  1 ) .  

Desk a n d  C h a i r s  -- 
The F i s c h e r ' s  E x a c t  T e s t  ( H u l l  a n d  N i e ,  1 3 7 9 )  was  a p p l i e d  

t o  m e a s u r e  t h e  i n d e p e n d e n c e  b e t w e e n  t h e  o r i g i n a l  w o r k s t a t i o n  



TABLE - 2 :  P e r c e n t a g e  o f  s u b j e c t s  R e p o r t i n g  
S o m a t i c  ~ e a E h  C o m p l a i n t s  I n = 1 6 )  

T e a r i n g  o r  i t c h y  e y e s  66% 

Neck o r  s h o u l d e r  s t i f f n e s s  o r  p a i n  6 3 %  

S k i n  r a s h  a n d / o r  i t c h y  s k i n  1 3 %  

Prm p a i n  o r  s t i f f n e s s  5 0 %  

S t i f f  o r  sore w r i s t s  31% 

L o s s  o f  f e e l i n g  in f i n g e r s  or w r i s t  25% 

Lower back  p a i n  09% 

M u s c l e - j o i n t  p a i n  or  s w e l l i n g  1 3 %  

P a i n  o r  s t i f f n e s s  i n  l e g s  3 6 %  

s e t - u p  and  t h e  a s s o c i a t e d  h e a l t h  symptoms ( a s  r e p o r t e d  i n  

Appendix G ) .  P o s i t i v e  f i n d i n g s  ( a t  p < 0 . 0 5 )  were :  (1) neck  and 

s h o u l d e r  p a i n  was a s s o c i a t e d  w i t h  neck  d i s c o m f o r t  i n  t h e  

o r i g i n a l  c h a i r s  and w i t h  g l a r e  f rom t h e  t a b l e  t o p ,  which  may 

h a v e  i n d u c e d  o p e r a t o r s  t o  assume awkward p o s t u r e s ;  and ( 2 )  

e y e s i g h t  c o m p l a i n t s  were a s s o c i a t e d  w i t h  t h e  g l a r e  f rom t h e  

k e y b o a r d  and  s c r e e n .  Low b a c k  p a i n  was n o t  a s s o c i a t e d  w i t h  c h a i r  



c o m f o r t  w i t h  r e s p e c t  t o  t h e  lower b a c k .  

I n  T a b l e  3 ,  o p e r a t o r s '  s u b j e c t i v e  r e s p o n s e s  f o r  t h e  c h a i r s  

a r e  t a b u l a t e d .  V a l u e s  r e p r e s e n t  t h e  p e r c e n t a g e  of d i s c o m f o r t  

r e s p o n s e s  f o r  v a r i o u s  body p a r t s  ( j u s t  " u n c o m f o r t a b l e "  

r e s p o n s e s )  . 
The b i n o m i a l  t e s t  was used  t o  a s s e s s  u s e r  p r e f e r e n c e s  f o r  

new d e s k  and  c h a i r  c h a r a c t e r i s t i c s ,  r e l a t i v e  t o  t h e  o r i g i n a l  

f u r n i t u r e .  Eased  on  t h e  o v e r a l l  r a t i n g  f o r  c o m f o r t  g i v e n  i n  t h e  

q u e s t i o n n a i r e ,  t h e  b i n o m i a l  t e s t  d e m o n s t r a t e d  c h a i r  C was 

s i g n i f i c a n t l y  p r e f e r r e d  ( p < 0 . 0 5 ) .  P a r t i c u l a r  f e a t u r e s  t h a t  were  

r e p o r t e d  t o  b e . b e t t e r  o n  c h a i r  C ,  compared t o  t h e  o r i g i n a l  

c h a i r ,  were l o w  b a c k ,  u p p e r  l e g ,  and l o w e r  l e g  c o m f o r t ,  and 

p r o v i s i o n  o f  lower b a c k  s u p p o r t  o n  l e a n i n g  f o r w a r d  ( p < 0 . 0 5 ) .  

T a b l e  4 l i s t s  t h e  p e r c e n t a g e  o f  u s e r s  who r e p o r t e d  

i n a d e q u a c i e s  and  b o d i l y  d i s c o m f o r t s  a s s o c i a t e d  w i t h  work ing  on 

t h e  v a r i o u s  d e s k s .  I n  t h e  o v e r a l l  r a t i n g  of d e s k s ,  d e s k s  E and G 

were d e c i s i v e l y  p r e f e r r e d  ( p < 0 . 0 1 )  o v e r  t h e  o r i g i n a l  d e s k ,  w i t h  

t h e  p r i m a r y  f e a t u r e  b e i n g  e a s e  o f  t a b l e  a d j u s t a b i l i t y .  The 

q u a l i t i e s  of a d j u s t a b i l i t y ,  t a b l e  t i l t ,  and m a t t  work s u r f a c e  i n  

a l l  t h r e e  new d e s k s  ( E ,  F and G) were c o n s i d e r e d  p o s i t i v e  

f e a t u r e s ,  r e l a t i v e  t o  t h e  o r i g i n a l  d e s k  ( p < 0 . 0 1 ) .  

The r e a s o n s  why t h e  number o f  s u b j e c t s  d i d  n o t  r e m a i n  

c o n s t a n t  f o r  t h e  e v a l u a t i o n  o f  t h e  new f u r n i t u r e  a r e :  (1) t w o  

s u b j e c t s  n e v e r  had  t h e  o c c a s i o n  t o  t r y  t h e  new f u r n i t u r e ;  ( 2 )  

o n e  s u b j e c t  w e n t  o n  h o l i d a y ;  and ( 3 )  some s u b j e c t s  d i d  n o t  f u l l y  

c o m p l e t e  t h e  q u e s t i o n n a i r e .  
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Ergonomic C o m p o s i t e  S c o r e  A n a l y s i s  

T a b l e  5 p r e s e n t s  t h e  ma in  d i m e n s i o n s  a n d  r a n g e s  o f  

a d j u s t a b i l i t y  f o r  t h e  e r g o n o m i c  s t a n d a r d  c h a i r , , t h e  o r i g i n a l  

c h a i r ,  and  new c h a i r s  A ,  B and  C.  The e r g o n o m i c  s t a n d a r d  c h a i r  

i s  t h e  r e f e r e n c e  c h a i r  u s e d  t o  c a l c u l a t e  t h e  e r g o n o m i c  . compos i t e  

s c o r e s  f o r  t h e  o t h e r  c h a i r s .  The r e s u l t a n t  e r g o n o m i c  c o m p o s i t e  

s c o r e s  u s i n g  T y n a n ' s  method a re  1 1 4 8 ,  2 3 4 ,  319  and  1 8 0 . 5 ,  f o r  

t h e  o r i g i n a l  c h a i r  and c h a i r s  Z!, B and  C ,  r e s p e c t i v e l y .  The 

s c o r e s  o b t a i n e d  w i t h  t h e  m o d i f i e d  method a r e  1 3 2 7 ,  3 7 6 ,  5 0 1  and 

359.  

T a b l e  6  p , r o v i d e s  t h e  ma in  d i m e n s i o n s  and  c h a r a c t e r i s t i c s  o f  

t h e  o r i g i n a l  d e s k ,  ~ n d  d e s k s  E ,  F  and G .  The r e s p e c t i v e  Tynan 

e rgonomic  c o m p o s i t e  s c o r e s  a r e  6 0 9 ,  1 5 7 ,  638 .5  and 1 0 7 ,  w h e r e a s  

t h e  m o d i f i e d  e r g o n o m i c  c o m p o s i t e  s c o r e s  a r e  1 0 0 4 . 5 ,  1 5 7 ,  1013 .5  

and 205 .  

F i g u r e s  7  and  8  a re  s c a t t e r p l o t s  s u m m a r i z i n g  t h e  r e s u l t s  o f  

t h e  s u b j e c t i v e  and  o b j e c t i v e  e v a l u a t i o n s  o f  t h e  d e s k s  and  

c h a i r s .  T a b l e  6 a  shows  t h e  v a l u e s  f o r  r - s q u a r e d  u s i n g  t h e  

o r i g i n a l  a n d  m o d i f i e d  n e t h o d s  f o r  c a l c u l a t i n g  t h e  ECS. N o  

s i g n i f i c a n t  d i f f e r e n c e s  a r e  shown b e t w e e n  t h e  c o r r e l a t i o n  

c o e f f i c i e n t s .  S u b j e c t i v e  e v a l u a t i o n  ( T a b l e  3 )  r a t e d  c h a i r  C a s  

t h e  m o s t  e a s i l y  a d j u s t a b l e  c h a i r  and  p r o v i d i n g  t h e  m o s t  c o m f o r t .  

T h i s  s u b j e c t i v e  r e s p o n s e  is  e c h o e d  i n  t h e  c o m p o s i t e  score ( T a b l e  

5 )  wh ich  is c o n s i d e r a b l y  l o w e r  f o r  c h a i r  C t h a n  f o r  c h a i r s  A ,  E 

or t h e  o r i g i n a l  c h a i r .  Desks  E and G were p r e f e r r e d  when 

compared t o  t h e  o r i g i n a l  d e s k  ( T a b l e  4 )  and  t h i s  p r e f e r e n c e  i s  



mirrored i n  t h e  lowest composite s c o r e s  f o r  these  two desks 

(Table 6 ) .  The f e a t u r e s  of a d j u s t a b i l i t y ,  t a b l e  su r face  t i l t ,  

and mat t  work su r face  were q u a l i t i e s  valued i n  a l l  of t h e  new 

t a b l e s .  
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TABLE 6 a :  R-squared v a l u e s  f o r  o r i g i n a l  and 

m o d i f i e d  e r g o n o m i c  c o m p o s i t e  s c o r e s  (ECS) .  
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Figure 7: Comparison of Subjective 4 Objective 
Evaluation for Chairs & Desks using Tynan Method 

for Calculating Ergonomic composite Score 
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Figure 8: Comparison of Subjective & Objective 
Evaluation for Chairs & Desks using Modified Method 

for Calculating Ergonomic Composite Score 
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VI.  DISCUSSION 

C h a i r s .  To e n s u r e  t h e  d e s i g n  o f  e r g o n o m i c a l l y  correct  

s e a t i n g ,  t h e  c o n t o u r e d  s h a p e s  and  t h e  o v e r a l l  d i m e n s i o n s  o f  a  

s e a t i n g  p r o d u c t  mus t  c o r r e s p o n d  t o  t h e  n i n e t y  p e r c e n t  

a n t h r o p o m e t r i c  r a n g e  o f  t h e  a d u l t  n a l e / f e m a l e  u s e r  p o p u l a t i o n .  

I f  t h e  s e a t  and  b a c k r e s t  s h a p e s  d o  n o t  f i t  t h e  c o n t o u r s  o f  t h e  

u s e r  p o p u l a t i o n ,  d i s c o m f o r t  i s  u n a v o i d a b l e .  The c r i t i c a l  a r e z s  

i n  a  c h a i r  f o r  u s e r  c o m f o r t  a r e :  

1. s e a t  h e i g h t  a d j u s t m e n t  

2 .  l o c a t i o n  o f  t h e  s a c r o - l u m b a r  c u r v e  ( b a c k r e s t  h e i g h t ,  w i d t h ,  

and s h a p e )  

3 .  s e a t  w i d t h ,  d e p t h ,  and  a n g l e  

4 .  r a n g e  o f  b a c k r e s t  s u p p o r t  

5 .  e a s e  and  l o c a t i o n  o f - a d j u s t m e n t  l e v e r s  

6 .  s e a t  p a d d i n g  

The p o s i t i v e  f e a t u r e s  o f  c h a i r  C a r e :  (1) a l l  a n g l e  and 

h e i g h t  a d j u s t m e n t s  o f  t h e  s e a t  and  b a c k r e s t  c a n  b e  c a r r i e d  o u t  

f rom t h e  s e a t e d  p o s i t i o n ;  ( 2 )  l e v e r s  a r e  e i t h e r  p n e u m a t i c  

a d j u s t m e n t s  o r  cam l o c k  l e v e r s ,  wh ich  e l i m i n a t e s  t h e  d i f f i c u l t y  

some p e o p l e  h a v e  unwinding  screw t y p e  a d j u s t m e n t s  which have  

been  t i g h t e n e d  by t h e  p r e v i o u s  p e r s o n ;  ( 3 )  t h i s  was t h e  o n l y  

c h a i r  p r o v i d i n g  t h e  f u l l  r a n g e  o f  s e a t  a n g l e  a d j u s t m e n t s  (from 

minus  5  t o  p l u s  1 0  d e g r e e s  f o r w a r d ) ;  ( 4 )  i t  had t h e  l o w e s t  s e a t  

h e i g h t  t o  accommodate t h e  5 t h  p e r c e n t i l e  f e n a l e ;  ( 5 )  e a c h  

f e a t u r e  was i n d e p e n d e n t l y  a d j u s t a b l e  ( e . g . ,  t h e  b a c k r e s t  c o u l d  

b e  a d j u s t e d  i n d e p e n d e n t l y  o f  t h e  s e a t ) ;  ( 6 ) t h e  b a c k r e s t  was 



/ 

c o n t o u r e d  i n  a convex  manne r  t o  s u p p o r t  t h e  lower b a c k ,  and 

s l i g h t l y  concave  t o  s u p p o r t  t h e  u p p e r  back ;  ( 7 )  t h e  b a c k r e s t  was 

shaped  t o  p r o v i d e  a w i d e  s u p p o r t  a t  t h e  b a s e  and  na r rowed  a t  

e lbow h e i g h t  ( t o  270 m m )  t o  a l l o w  u n c o n s t r a i n e d  arm/elbow 

movements; and ( 8 )  b a c k r e s t  s u p p o r t  c o u l d  b e  m a i n t a i n e d , u p o n  

l e a n i n g  f o r w a r d ,  d u e  t o  t h e  e x t e n s i v e  r a n g e  and ez.se o f  t h e  

h o r i z o n t a l  a d j u s t m e n t .  

R e l a t i v e  t o  C h a i r  C ,  C h a i r  A h a s  a  number o f  n e g a t i v e  

q u a l i t i e s .  One i s  e x c e s s i v e  s e a t  d e p t h .  I f  a  s e a t  i s  too d e e p ,  a 

p e r s o n  w i t h  s h o r t  t h i g h s  t e n d s  t o  s l i d e  f o r w a r d  t o  t h e  e d g e  o f  

t h e  s e a t  ( t o  r e l i e v e  t h e  p r e s s u r e  o f  t h e  s e a t  e d g e  p r e s s i n g  i n t o  

t h e  c a l f ) ,  and t h u s  loses  t h e  s u p p o r t  o f  t h e  b a c k r e s t .  ~ l s o ,  t h e  

b a c k r e s t  i s  t o o  w i d e ,  i n t e r f e r i n g  w i t h  arm/elbow c l e a r a n c e .  The 

e n t i r e  b a c k r e s t  c o n t o u r  b7as c o n c a v e ,  wh ich  i n d u c e s  t h e  u s e r  t o  

a d o p t  a  k y p h o t i c  p o s i t i o n  s t r e s s i n g  t h e  l o w e r  back  l i g a m e n t s ,  

L a s t l y ,  t h e  l o w e s t  s e a t  h e i g h t  a d j u s t m e n t  o n l y  accommodates  20% 

o f  t h e  f e m a l e s  a n d  8 0 %  o f  t h e  m a l e s .  

C h a i r  B i s  a l s o  e x c e s s i v e  i n  s e a t  d e p t h ,  and t h e  b a c k r e s t  

i s  too wide  and n o t  h i g h  e n o u g h ,  r e s u l t i n g  i n  i n a d e q u a t e  s u p p o r t  

o f  t h e  mid-back m u s c l e s .  Once a g a i n ,  t h e  s e a t  h e i g h t  c o u l d  n o t  

b e  l owered  s u f f i c i e n t l y  t o  accommodate t h e  f u l l  u s e r  r a n g e .  The 

l i t e r a t u r e  o n  s e a t i n g  s u g g e s t s  a  s t r o n g  r e l a t i o n s h i p  be tween  

p o p l i t e a l  h e i g h t  and  t h e  s e a t  h e i g h t  a d j u s t m e n t  ( ~ o c k e n b e r r y ,  

1 9 8 2 ) ,  wh ich  may e x p l a i n  why c h a i r  C was f a v o u r e d  o v e r  c h a i r s  A 

and B. 



A d j u s t a b i l i t y  o f  c h a i r s  A and  B is made d i f f i c u l t  b y  

cam-lock l e v e r s  l o c a t e d  u n d e r n e a t h  t h e  s e a t ,  and  awkward screw 

( k n o b )  t y p e  l o c k s  b e h i n d  t h e  b a c k r e s t .  C o n s i d e r i n g  t h e  

b i o m e c h a n i c a l  l i m i t a t i o n s  o f  t h e  hand i n  r e a c h i n g  b a c k  and  

t w i s t i n g ,  a s  w e l l  a s  t h e  f a c t  t h a t  t h e  a d j u s t m e n t  m u s t  b e  b a s e d  

on t o u c h  o n l y ,  t h i s  t y p e  o f  l o c k  i s  n o t  w e l l  d e s i g n e d  f o r  t h e  

l o c a t i o n .  I t  makes  l i t t l e  s e n s e  t o  p r o v i d e  a n  a d j u s t a b l e  c h a i r ,  

e s p e c i a l l y  i n  a m u l t i - u s e r  s i t u a t i o n ,  when t h e  a d j u s t m e n t  l e v e r s  

a r e  awkward t o  u s e ,  2nd t h e r e f o r e  w i l l  n o t  b e  e n g a g e d .  ~ e l a t i v e  

t o  t h e  o t h e r  c h a i r s ,  t h e  p r e f e r r e d  c h a i r  C is m o s t  o p t i m a l l y  

human f a c t o r e d , t o  t h e  dynamic  a c t i o n  o f  s i t t i n g ,  i n  t h a t  i t  

a l l o w s  many d i f f e r e n t  p o s t u r e s  t o  b e  a s s u m e d ,  and  i t  is  

a n t h r o p o m e t r i c a l l y  d e s i g n e d  t o  accommodate  t h e  g r e a t e s t  

p r o p o r t i o n  o f  u s e r s .  

Desks  

F a c t o r s  r e l a t e d  t o  VDT d e s k s  wh ich  h a v e  b e e n  r e p e a t e d l y  

i d e n t i f i e d  a s  c o n t r i b u t i n g  t o  v i s u a l  stress and  p o s t u r a l  
a 

d i s c o m f o r t  a r e  k e y b o a r d / s c r e e n  h e i g h t ,  v i e w i n g  d i s t s n c e ,  and  

s o u r c e  documen t  l o c a t i o n  ( A r n d t ,  1 9 6 3 ;  G r a n d j e a n  e t  a l . ,  1 9 8 3 ) .  -- 

P r o v i d i n g  a l a r g e  work s u r f a c e  a l l o w s  f o r  a v a r i e t y  o f  

a r r a n g e m e n t s  i n  e q u i p m e n t  and  s o u r c e  documen t  l a y o u t s .  S e p a r a t e  

h e i g h t  a d j u s t a b l e  k e y b o a r d  and s c r e e n  s u r f a c e s  permit t h e  p r o p e r  

s e t - u p  o f  t h e  VET,  b a s e d  on  t h e  t e r m i n a l ' s  d i m e n s i o n s .  

Both  s u b j e c t i v e l y  and  o b j e c t i v e l y ,  d e s k  F  t e n d e d  t o  b e  t h e  

' l e a s t  i d e a l '  d e s k .  The d e s k ' s  h i g h  score is  r e l a t e d  t o  a 

s u p p o r t  b a r  l o c a t e d  u n d e r n e a t h  t h e  k e y b o a r d  s u r f a c e ,  w h i c h  



r e s u l t s  i n  l a c k  o f  l e g  d e p t h  c l e a r a n c e ,  and  a n  i n a d e q u a t e  work 

s u r f a c e  d e p t h ,  which restricts t h e  v i e w i n g  d i s t a n c e .  The 

o p e r a t o r s  a l s o  r a t e d  t h e  d e s k  p o o r l y  b e c a u s e  of t h e  awkward 

l o c a t i o n  o f  t h e  a d j u s t m e n t  l e v e r ,  wh ich  is be low t h e  t a b l e  

s u r f a c e  and i n  beh ind  t h e  s t a b i l i z e r  b a r .  T a b l e  w i d t h  a l s o  i s  

l i m i t e d  by  p o i n t e d  m e t a l  s i d e  s t a b i l i z e r s  which  make i n g r e s s  and  

e g r e s s  h a z a r d o u s .  - 

Desk E and G have  s i m i l a r  c o m p o s i t e  scores. Most of t h e  

p o i n t s  a s s i g n e d  f o r  t h e  e rgonomic  c o m p o s i t e  scores f o r  t h e s e  two 

d e s k s  a r e  b e c a u s e  t h e  p a r a m e t e r s  d i d  n o t  q u i t e  e x t e n d  o v e r  t h e  

f u l l  r a n g e .  N o  one  f e a t u r e  o v e r w h e l m i n g l y  d o m i n a t e s  t h e  s c o r e .  

The s c r e e n  s u r f a c e  f o r  b o t h  d e s k s  c a n  b e  a n g l e  a d j u s t e d  and t h e  

keyboard  c a n  b e  p u l l e d  o u t  t o  i n c r e a s e  v i e w i n g  d i s t a n c e .  For 

d e s k  F t h e  o p p o s i t e  is  t r u e ;  t h e  k e y b o a r d  c a n  b e  a n g l e  a d j u s t e d  

and t h e  s c r e e n  s u r f a c e  p u l l e d  i n  and  o u t .  

S u b j e c t i v e  e v a l u a t i o n  f o r  d e s k s  E and G r e v e a l e d  few 

d i s s a t i s f a c t i o n s .  Given t h i s  i n f o r m a t i o n ,  i t  may b e  u s e f u l  t o  

a n a l y z e  t h e  a d j u s t m e n t  l e v e r  l o c a t i o n s  t o  d e t e r m i n e  which  of t h e  

t a b l e s  i s  n o r e  f u n c t i o n a l .  U s e  o f  a d j u s t a b l e  f e a t u r e s  d e p e n d s  on 

how much t i m e  and e f f o r t  a r e  needed  t o  make t h e  c h a n g e s ,  and on  

t h e  p e r c e i v e d  b e n e f i t s  t o  t h e  o p e r a t o r .  Desk E h a s  i t s  

a d j u s t m e n t  c r a n k s  mounted on  t h e  s t a b i l i z i n g  p a n e l  b e n e a t h  t h e  

keyboard  s u r f a c e ,  w h e r e a s  t h e  a d j u s t m e n t  c r a n k  f o r  d e s k  G i s  on 

t h e  t o p  o f  t h e  work s u r f a c e .  The l a t t e r  l o c a t i o n  i s  p r e f e r r e d  a s  

t h e  d e s k  s u r f a c e s  can  b e  a d j u s t e d  w h i l e  s i t t i n g  u p r i g h t  i n  f r o n t  

o f  t h e  t e r m i n a l .  



Advan tages  and  D i s a d v a n t a g e s  - o f  E rgonomic  Compos i te  S c o r e  

Based o n  t h e  r - s q u a r e d  v a l u e s ,  t h e  m o d i f i e d  c o m p o s i t e  score 

d o e s  n o t  p r e d i c t  u s e r  p r e f e r e n c e s  b e t t e r  t h a n  T y n a n ' s  o r i g i n a l  

method.  Due t o  t h e  l i m i t e d  number o f  o r d i n a l s  a v a i l a b l e  i n  t h e  

r a t i n g  s y s t e m  o f  t h e  q u e s t i o n n a i r e  u s e d  t o  e v a l u a t e  f u r n i t u r e  

d i s c o m f o r t ,  i t  was n e c e s s a r y  t o  u s e  t h e  Spearman Rho r a n k i n g  

method.  T h i s  t e s t  d o e s  n o t  r e v e a l  a  d i s t i n c t i o n  be tween  t h e  t w o  

methods  which  s u g g e s t s  t h a t  u s i n g  a c o n t i n u o u s  a n a l o g u e  s c a l e  i n  

t h e  q u e s t i o n n a i r e  and u s i n g  P e a r s o n  C o r r e l a t i o n  s t a t i s t i c s  b a y  

have  p r o v i d e d  b e t t e r  d i s c r i m i n a t i o n .  Agreement  o f  t h e  c o n p c s i t e  

s c o r e s  w i t h  t h e  s u b j e c t i v e  e v a l u a t i o n s  o f  u s e r s  s u g g e s t s  an 

a c c e p t a b l e  c r i t e r i o n  v a l i d i t y  f o r  b o t h  m e t h o d s .  However,  t h e  

m o d i f i e d  method d e v e l o p e d  i n  t h i s  s t u d y  h a s  g r e a t e r  s t r i n g e n c y ,  

i n  t h a t  i t  w i t h  o n e  e x c e p t i o n  a s s i g n e d  h i g h e r  s c o r e s  f o k  t h e  

v a r i o u s  c h a i r s  and t a b l e s  t h a n  d i d  t h e  o r i g i n a l  method ( T a b l e  5 ,  

6 ) .  Moreove r ,  t h e  m o d i f i e d  method co r rec t s  some o f  t h e  s h o r t  

comings.  o f  t h e  o r i g i n a l  me thod ,  a s  d i s c u s s e d  e a r l i e r .  

The m a j o r  a d v a n t a g e s  of u s i n g  t h e  m o d i f i e d  e rgonomic  

c o m p o s i t e  score a r e :  (1) i t  is  s i m p l e  t o  u s e ;  ( 2 )  i t  c a n  b e  

a p p l i e d  i n  a r e l a t i v e l y  s h o r t  t i m e ;  ( 3 )  it may b e  e a s i l y  

i n t e r p r e t e d  by  o t h e r s ;  ( 4 )  it c a n  b e  e a s i l y  changed  t o  i n c l u d e  

new r e s u l t s  f o r  good e rgonomic  d e s i g n  ( T y n a n ,  1 9 8 1 )  and ( 5 )  it 

i s  d e s i g n e d  on  a s t a n d a r d  wh ich  a c c o m o d a t e s  90% o f  t h e  N o r t h  

American u s e r  p o p u l a t i o n .  The d i s a d v a n t a g e s  d i s c u s s e d  e a r l i e r  

a r e  t h a t :  (1) t h e  method d o e s  n o t  c o n s i d e r  f u r n i t u r e  q u a l i t y ;  

( 2 )  e a c h  d e s i g n  r u l e  is  g i v e n  e q u a l  w e i g h t i n g ;  and ( 3 )  i t  d o e s  



n o t  n e c e s s a r i l y  p r e d i c t  o p e r a t o r  p e r f o r m a n c e  or  a c c e p t a n c e .  I t  

is known t h a t  a n  a n t h r o p o m e t r i c a l l y  correct  c h a i r  i s  n o t  a l w a y s  

c o n s i d e r e d  c o m f o r t a b l e  ( B r a n t o n  and  G r a y s o n ;  1 9 6 7 ,  D r u r y  and  

Coury ,  1 9 8 2 ) .  

Us ing  s u b j e c t i v e  e v a l u a t i o n  b y  u s e r s  f o r  a g i v e n  d e s i g n  

r e q u i r e s  a l a r g e  t e s t  g r o u p .  T h i s  may b e  a  l e n g t h y  p r o c e s s  and  

s u b j e c t  t o  numerous  b i a s e s .  I t  i s  d i f f i c u l t  t o  a s s e s s  t h e  f i n e r  

d e g r e e s  o f  d i s c o m f o r t  b e t w e e n  u s e r s  - w h a t  may b e  u n c o m f o r t a b l e  

t o  o n e  p e r s o n  c o u l d  r e p r e s e n t  b o r d e r l i n e  c o m f o r t  t o  a n o t h e r  

p e r s o n .  N e v e r t h e l e s s ,  s u b j e c t i v e  e v a l u a t i o n  is v a l u a b l e  i n  

u n d e r l i n i n g  t h e  q u a l i t a t i v e  s h o r t - c c m i n g s  o f  a  d e s i g n ,  and i t  

p r o v i d e s  e n  o p p o r t u n i t y  f o r  u s e r / w o r k e r  p a r t i c i p a t i o n  i n  

d e c i s i o n - m a k i n g  r e g a r d i n g  w o r k - s t a t i o n  d e s i g n  and c o n f i g u r a t i o n .  

V I I  . CONCLUSION 

I t  is e v i d e n t  t h a t  more r e s e a r c h  i s  n e c e s s 2 r y  i n t o  

e rgonomic  s t a n d a r d s  f o r  p a r t i c u l a r  w o r k s t a t i o n s ,  and  i n t o  t h e i r  

u s e  a s  g u i d e l i n e s  t o  m a n u f a c t u r e r s  and  t o  u s e r s  who m u s t  d e c i d e  

o n  what  t o  buy .  The d e c i s i o n  made b y  t h e  u s e r  o r  e m p l o y e r  o n  

d e s i g n  p r e f e r e n c e ,  a  d e c i s i o n  t h a t  may b e  e f f e c t i v e  anywhere  

f rom o n e  t o  t w e n t y  y e a r s ,  s h o u l d  n o t  b e  r e s o l v e d  w i t h o u t  some 

o b j e c t i v e  c r i t e r i a .  A l l  m a n u f a c t u r e r s  i n  t h i s  s t u d y  c o r r e c t l y  

a d v e r t i s e d  a d j u s t a b i l i t y  i n  t h e i r  d e s i g n ,  b u t  t h e  d e g r e e  and 

q u a l i t y  o f  a d j u s t i b i l i t y  w a s  n o t  c a r e f u l l y  s p e c i f i e d .  To 

a d v o c a t e  t o t a l  a d j u s t a b i l i t y  a s  ' a d e q u a t e  e r g o n o n i c  

c o n s i d e r a t i o n '  f a i l s  t o  a n s w e r  who w i l l  b e  a c c o m o d a t e d  b y  t h e  



adjustments - an important question when the product is meant 

for multiple users. Furthermore, not every person will need to 

employ the adjustment options, although if the adjustment is 

possible, more people will be accommodated and able to achieve a 

healthy working posture. Preliminary results indicate a 24.5% 

improvement in performance, as well as a decrease in 

musculoskeletal complaints, as a function of good ergonomic 

design characteristics (Dainoff et al., 1982). -- 

These considerations support the conclusions that: (1) 

ergonomic analysis should be incorporated as an integral aspect 

of design, manufacture, selection, and purchase of office 

furniture; (2) this study ha's demonstrated that both objective 

and subjective methods approaches can be applied to such 

analysis; and (3) further research is needed to develop more 

rigorous approaches to such analysis, and to explore the 

question of which approach is preferable for different 

application situations. 
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B. STUDY 2 .  OCCUPATIONAL HEALTH DISORDERS O F  CASHIER OPERATORS 

I N  SUPERMARKETS RELATED T O  ERGONOMI CS 

I .  INTRODUCTION 

I n  i n d u s t r y ,  much r e s e a r c h  h a s  b e e n  d i r e c t e d  a t  i n c r e a s i n g  

t h e  s o p h i s t i c a t i o n  and m e c h a n i z a t i o n  o f  t h e  m a c h i n e r y  be ing .  

u s e d ,  t h e r e b y  a l t e r i n g  t h e  work p r o c e d u r e  c o n s i d e r a b l y .  

U n f o r t u n a t e l y ,  v e r y  l i t t l e  a t t e n t i o n  h z s  b e e n  d i r e c t e d  t o  

a c h i e v i n g  t h e  c o r r e s p o n d i n g  l e v e l  o f  c h a n g e  i n  t h e  d e s i g n  o f  t h e  

w o r k s t a t i o n .  

I n  t h e  l a s t  f i v e  y e a r s ,  c a s h  r e g i s t e r s  h a v e  unde rgone  

d r a m a t i c  c h a n g e s .  From s i m p l e ,  m e c h a n i c a l  a d d i n g  m a c h i n e s ,  t h e y  

have  e v o l v e d  t o  c o m p u t e r i z e d  t o u c h - c h e c k i n g  r e g i s t e r s  ( t h e  

o p e r a t o r  p u n c h e s  p r i c e s  i n t o  t h e  r e g i s t e r  w i t h o u t  l o o k i n g  a t  t h e  

k e y s ) ,  and t o  e l e c t r o n i c  s c a n n e r s ,  w h i c h  e l i m i n a t e  manual  k e y - i n  

o f  p r o d u c t  p r i c e s .  

I n  B r i t i s h  Columbia ,  a p p r o x i m a t e l y  5 , 0 0 0  women a r e  employed 

a s  c a s h i e r  o p e r a t o r s  i n  s u p e r m a r k e t s .  ~ i n e t y - f i v e  p e r c e n t  o f  t h e  

c a s h i e r  o p e r a t o r s  s t a n d  and e i t h e r  t o u c h - c h e c k  o r  s c a n  t h e  

p r o d u c t s  d e l i v e r e d  t o  them o n  a  t u r n - s t i l e .  T h i s  i s  f o l l o w e d  by 

b a g g i n g  o f  t h e  i t e m s  i n  e i t h e r  p l a s t i c  o r  p a p e r  b a g s ,  and 

l o a d i n g  o f  t h e  b a g s  i n t o  a buggy.  E i t h e r  b e f o r e  o r  a f t e r  b a g g i n g  

t h e  g r o c e r i e s ,  t h e  c h e c k e r  r e c e i v e s  paymen t .  T h i s  s t u d y  

a d d r e s s e s  t h e  q u e s t i o n  o f  w h e t h e r  t h e  e r g o n o m i c  a s p e c t s  o f  



s u p e r m a r k e t  c h e c k - s t a n d s ,  p a r t i c u l a r l y  i n  r e l a t i o n  t o  new c a s h  

r e g i s t e r  d e s i g n s  and  p r o c e d u r e s ,  c a n  b e  r e l a t e d  t o  h e a l t h  

p rob lems  r e p o r t e d  by  c a s h i e r  o p e r a t o r s .  

11. LITERATURE REVIEW 

Much o f  t h e  l i t e r a t u r e  e x a m i n i n g  t h e  h e a l t h  p r o b l e m s  o f  

c a s h i e r  o p e r a t o r s  i n  s u p e r m a r k e t s  o r i g i n a t e s  f rom J a p a n  and 

d e a l s  s p e c i f i c a l l y  w i t h  t h e  u p p e r  body .  Very  l i t t l e  h a s  been  

done  i n  i n v e ~ t i g a t ~ n g  t h e  e n t i r e  w o r k s t a t i o n  and r e g i s t e r  

d e s i g n ,  i n  r e l a t i o n  t o  more g e n e r a l  h e a l t h  p r o b l e m s  o f  c a s h i e r s .  

R e s e a r c h  f i n d i n g s  on t h e  o c c u p a t i o n a l  h e a l t h  o f  c e s h i e r  

o p e r a t o r s  may b e  c o n s i d e r e d  i n  r e l a t i o n  t o  a  number o f  d i s t i n c t  

r i s k  f a c t o r s  and h e a l t h  d i s o r d e r s  : (1) a n t h r o p o m e t r i c  

c o n s i d e r a t i o n s ;  ( 2 )  o c c u p a t i o n a l  c e r v i c o - b r a c h i a l  syndrome;  (3) 

p r o l o n g e d  s t a n d i n g ;  ( 4 )  b a c k  p r o b l e m s ;  and ( 5 )  stress and  

f a t i g u e .  These  t o p i c s  a r e  r e v i e w e d  i n  t h e  f o l l o w i n g  s u b s e c t i o n s .  

Rn th ropomet ry .  A F r e n c h  s t u d y  o n  s e l f - s e r v i c e  c a s h i e r s  

( S a l o r d ,  1 9 7 8 )  h a s  i d e n t i f i e d  t h e  f o l l o w i n g  c h e c k - s t a n d  d e s i g n  

f a c t o r s  a s  g i v i n g  r i s e  t o  d i s c o m f o r t :  i n a d e q u a t e  work ing  s p a c e ;  

p o o r  w o r k s t a t i o n  l a y o u t ;  s m a l l  c h a r a c t e r  s i z e  o n  r e g i s t e r  k e y s ;  

g l a r e  f a c t o r s ;  and n o i s e .  I n  d e s i g n i n g  a  p r o d u c t ,  i t  is 

n e c e s s a r y  t o  remember t h a t  p e o p l e  n o t  o n l y  v a r y  i n  h e i g h t  b u t  

a l s o  i n  p r o p o r t i o n s .  Two women o f  t h e  same h e i g h t  a r e  l i k e l y  t o  

d i f f e r  i n  arm or  l e g  l e n g t h ,  s i t t i n g  h e i g h t ,  hand s i z e ,  and  so  

f o r t h .  Hence "body s i z e "  means  n o t  j u s t  h e i g h t  b u t  a n y  body 

measurement  which  is i m p o r t a n t  f o r  t h e  work s p a c e  b e i n g  \ 



d e s i g n e d .  T o  d e s i g n  a  work s p a c e  p r o p e r l y ,  t h e  r a n g e  o f  s i z e s  o f  

t h e  u s e r  p o p u l a t i o n  m u s t  b e  known. 

An th ropomet ry  i s  d e f i n e d  a s  t h e  a p p l i c a t i o n  o f  s c i e n t i f i c  

p h y s i c a l  measu remen t  methods  t o  t h e  human body i n  o r d e r  t o  

o p t i m i z e  t h e  i n t e r f a c e  be tween  humans and m a c h i n e s ,  and  a s s u r i n g  

t h e  s u i t a b i l i t y  o f  m a n u f a c t u r e d  p r o d u c t s  f o r  t h e  i n t e n d e d  u s e r  

p o p u l a t i o n  (Roebuck  -- e t  a l . ,  1 9 7 5 ) .  Knowledge of t h e  a v e r a g e  body 

d i m e n s i o n s  of t h e  g r o u p  o f  u s e r s  i s  n o t  s u f f i c i e n t .  The 

d i s t r i b u t i o n  o f  s i z e s  w i t h i n  t h e  g r o u p  mus t  b e  e s t i m a t e d .    he 

t o t a l  r a n g e  o f  v a r i a t i o n  may be  l a r g e  compared w i t h  t h e  

d e s i g n e r ' s  r o o m . , f o r  maneouvre ,  and it may b e  i m p o s s i b l e  t o  

accommcdate a l l  u s e r s  w i t h o u t  d i s c o m f o r t .  I f  so ,  some o f  t h e  

u s e r  p o p u l a t i o n  m u s t  b e  " s a c r i f i c e d "  ( s a y  2 ,  1 0  or  e v e n  20 

p e r c e n t )  f o r  z n y  p a r t i c u l a r  measurement  s u c h  a s  l e g  l e n g t h  o r  

h i p  w i d t h  (N. Thcmas, P e r s o n a l  Communica t ion) .  

A s p e c i f i c  p o s i t i o n  f o r  o n e  p i e c e  o f  e q u i p m e n t  c a n  u s u a l l y  

b e  t o l e r a t e d  w i t h o u t  d i s c o m f o r t  by o n e  s i z e  o f  u s e r ,  b u t  n o t  by 

a  whole  g r o u p  of u s e r s  o f  d i f f e r e n t  s i z e s .  I n  t h e  l a t t e r  c a s e  

t h e  e q u i p m e n t  s h o u l d  b e  made i n  s e v e r a l  s i z e s ,  or  s h o u l d  b e  

a d j u s t a b l e .  Optimum d e s i g n  t e n d s  t o  m i n i m i z e  stress, y e t  

e n c o u r a g e s  t h e  o p e r a t o r  t o  move and s t r e t c h  a  b i t  w i t h o u t  

assuming  awkward and  p a i n f u l  p o s t u r e s .  

Two b a s i c  p r i n c i p l e s  o f  e r g o n o m i c s ,  w i t h  r e s p e c t  t o  

man-machine i n t e r a c t i o n ,  t h a t  s h o u l d  n o t  b e  v i o l a t e d  a r e :  

1. Keep f o r w a r d  r e a c h e s  s h o r t  ( T i c h a u e r ,  1 9 7 6 ) .  Numerous 

i n d u s t r i a l  e n g i n e e r i n g  t es t s  d i s c u s s  "no rma l "  and 



" e x t e n d e d "  r e a c h  a r e a s ,  s p e c i f y i n g  t h a t  f o r  c o n t i n u o u s  work 

women a n d  men c a n  r e p e a t e d l y  r e a c h  f o r w a r d  a s  f a r  a s  25  

i n c h e s  ( 6 3 . 5  c m )  ( N i e b e l ,  1 9 6 7 ) .  T h i s  a s s u m p t i o n  is 

f a l l a c i o u s  s i n c e  a  r e p e a t e d  f o r w a r d  r e a c h  e x c e e d i n g  1 6  

i n c h e s  ( 4 0 . 6 4  c m )  is e q u i v a l e n t  t o  a s e v e r e  l i f t i n g  t a s k  

( T i c h a u e r  1 9 6 8 a ,  1 9 7 6 ) .  

2 .  Keep t h e  e l b o w s  down ( T i c h a u e r ,  1 9 7 6 ) .  E l e v a t i o n  o f  t h e  

u n s u p p o r t e d  u p p e r  arm f o r  l o n g  i n t e r v a l s  may p r o d u c e  

f a t i g u e  and  d e c r e m e n t s  o f  p e r f o r m a n c e  t i m e .  The o p t i m a l  
9 

h e i g h t  o f  work s u r f a c e s  d e p e n d s  o n  t h e  s t a n d i n g  e lbow 

h e i g h t  o f . , t h e  o p e r a t o r  and o n  t h e  t y p e  o f  work .  I n  g e n e r a l ,  

s u r f a c e s  s h o u l d  b e  b e t w e e n  5  and  1 0  c m  be low t h e  e l b o w s  

( F e d g r o v e ,  1 9 7 9 ) .  

V i o l a t i n g  t h e s e  e r g o n o m i c  p r i n c i p l e s  l e a d s  t o  l ow  p r o d u c t i v i t y ,  

p o o r  m o r a l e ,  a f e e l i n g  o f  ill h e a l t h ,  and  s o m e t i m e s  r e a l  

o c c u p a t i o n a l  d i s e a s e  ( T i c h a u e r ,  1 9 6 8 b ) .  

O c c u p a t i o n a l  C e r v i c o - B r a c h i a l  Syndrome.  S t u d i e s  o n  J a p a n e s e  

c a s h i e r  o p e r a t o r s  h a v e  r e v e a l e d  a h i g h  p r e v a l e n c e  o f  g e n e r a l  

f a t i g u e ,  h e a d a c h e ,  s l e e p l e s s n e s s ,  and  l o w  b a c k  p a i n ,  a s  w e l l  a s  

d u l l n e s s  and  p a i n  i n  t h e  s h o u l d e r ,  a rm ,  h a n d ,  and f i n g e r s .  The 

l a t t e r  symptoms a re  c l a s s i f i e d  a s  o c c u p a t i o n a l  c e r v i c o - b r a c h i a l  

syndrome (OCBS) . CCBS is a p a t t e r n  o f  p a i n  s p e c i f i c  t o  t h e  arm,  

n e c k ,  and  s h o u l d e r  m u s c l e s .  T h i s  p a i n  is a r e s u l t  o f  impeded 

b l o o d  f l o w  t o  c e r t a i n  m u s c l e s  d u e  t o  s t a s i s  c a u s e d  by u n n a t u r a l  

p o s t u r e .  The r e s u l t  i s  l oca l  f a t i g u e / p a i n  wh ich  may s p r e a d  t o  

t e n d o n s ,  l i g a m e n t s ,  and  c o n n e c t i v e  t i s s u e  ( G r a n d j e a n ,  1 9 7 8 ) .  



T h e s e  d y s f u n c t i o n s  are  a t t r i b u t e d  t o  r e p e t i t i v e  u p p e r  l i m b  

m o t i o n  w i t h  s t a t i c  l o a d  ( O h a r a  -- e t  a l . ,  1 9 7 6 a ) ,  i n c r e a s e d  

o p e r a t i n g  s p e e d  ( O h a r a  -- e t  a l . ,  1 9 7 6 b ) ,  and  a r e s p o n s e  t o  

e x c e s s i v e  s p r i n g  l o a d i n g  @f t h e  c a s h  r e g i s t e r  ( c n i s h i  -- e t  a l . ,  

1975 ;  S a k u r i a  a n d  M i w a ,  1 9 7 5 ) .  

O p e r a t i n g  a key -boa rd  r e q u i r e s  t h e  f i n g e r s  t o  a c t  

d y n a m i c a l l y ,  b u t  t h e  m u s c l e s  of t h e  a r m s ,  n e c k ,  and  s h o u l d e r s  

mus t  b e  h e l d  r i g i d  i n  o r d e r  t o  k e e p  t h e  hand  i n  t h e  p r o p e r  

o p e r a t i n g  p o s i t i o n .  T h i s  makes  e x t r e m e l y  s t r e s s f u l  demands 'on 

c o n t i n u o u s  u s e r s  o f  e q u i p m e n t  o f  t h i s  t y p e .  Hence ,  t h e  c a s h  

r e g i s t e r  i n d u s t r y  h a s  m a n u f a c t u r e d  e l e c t r o n i c  s c a n n e r s  wh ich  

r e d u c e  t h e  u s a g e  o f  t h e  k e y b o a r d .  However ,  OCBS symptoms a r e  

o b s e r v e d  e v e n  i n  t h e  a b s e n c e  o f  k e y b o a r d  u s e  ( C h a r a  -- e t  a l . ,  

One s t u d y  (Komoike -- e t  a l . ,  1 9 7 7 )  r e p o r t e d  t h a t  1 7 % ,  a n o t h e r  

t h a t  31% ( O h a r a  -- e t  a l . ,  1 9 7 6 a ) ,  o f  c a s h i e r  o p e r a t o r s  s u f f e r e d  

f rom some d e g r e e  o f  t h e  synd rome .  I n  f a c t ,  c a s h i e r  o p e r a t o r s  h a d  

c o n s i d e r a b l y  more OCBS symptoms t h a n  t y p i s t s ,  t e l e p h o n e  

o p e r a t o r s ,  c l e r k s ,  and  s a l e s w o m e n  ( O h a r a  -- e t  a l . ,  1976a . l .  The 

a u t h o r s  a r g u e  t h a t  t h e s e  g e n e r a l  s y m p t o n s  a r e  r e f l e c t i v e  o f  

m u s c u l a r  f a t i g u e .  V i s u a l  f a t i g u e  h a s  b e e n  a s s o c i a t e d  w i t h  

m a i n t a i n i n g  f i x e d  h e a d ,  n e c k ,  a n d  e y e ,  p o s i t i o n s  ( F e r g u s o n  and  

Duncan,  1 9 7 4 )  and  may b e  c o n t r i b u t i n g  t o  oCES symptoms. 
_1- - 

i 
P r o l o n g e d  S t a n d i n g .  S t u d i e s  o n  S w i s s  c a s h i e r  o p e r a t o r s  , I,/-+ 

( G r a n d j e a n  -- e t  a l . ,  1 9 6 8 a ,  1 9 6 8 b )  r e p o r t e d  h e a l t h  p r o b l e m s  i n  

39 .5% o f  t h o s e  examined .  F i f t y  p e r c e n t  o f  t h e  p r o b l e m s  were 



l o c a t e d  i n  t h e  f e e t ,  l e g s ,  and lower b a c k ,  a f u n c t i o n  of t h e  

s t a t i c  s t a n d i n g  p o s t u r e  r e q u i r e d  o n  t h e  j o b .  Argumen t s  a g a i n s t  

s t a n d i n g  a re  numerous .  U p r i g h t  s t a n d i n g  ( o r t h o s t a t i s m )  o f t e n  

stresses t h e  s p i n e  a n d  b a c k  m u s c l e s ,  c a u s i n g  s e v e r e  p a i n  a f t e r  a 

p r o l o n g e d  p e r i o d  ( N a t i o n a l  S a f e t y  N e w s ,  1 3 7 7 ) .  R e l a t i v e  t o  

s i t t i n g ,  s t a n d i n g  makes  g r e a t e r  p h y s i c a l  demands  o n  t h e  body  - 

it r e q u i r e s  h i g h e r  e n e r g y  c o n s u m p t i o n ,  p l a c e s  g r e a t e r  s t r a i n  on  

t h e  c i r c u l a t o r y  s y s t e m  ( e s p e c i a l l y  i n  t h e  lower l i m b s / l e g s ) ,  i s  

more t i r i n g ,  and makes  i t  more d i f f i c u l t  t o  a v o i d  u n n a t u r a l  

p o s t u r e s .  

I n  g e n e r a l , , ,  m a i n t a i n i n g  any  se t  o f  m u s c l e s  i n  a r i g i d ,  

u n s u p p o r t e d  p o s i t i o n  f o r  l o n g  p e r i o d s  o f  t i m e  w i l l  r e s u l t  i n  

m u s c u l a r  s t r a i n  ( O l i s h i f s k i  and McEl roy ,  1 9 7 1 ) .  

An e p i d e m i o l o g i c a l  su - rvey  s t u d y i n g  t h e  e f f e c t s  o f  w o r k i n g  

p o s t u r e  o n  5 4  s a l e s w ~ m e n  d i v i d e d  i n t o  3 d i f f e r e n t  g r o u p s  - 

s t a n d i n g ,  w a l k i n g ,  and  s i t t i n g  a c t i v i t y  g r o u p s  - showed t h a t  

more s u . b j e c t s  i n  t h e  s t a n d i n g  g r o u p  s u f f e r e d  r e g u l a r l y  f r o m  p a i n  

i n  t h e  l e g s  ( 2 6 % ) ,  f e e t  ( 9 % ) ,  and  b a c k  ( 8 % ) ,  a s  w e l l  a s  f r o m  

v a r i c o s e  v e i n s ,  r e l a t i v e  t o  s u b j e c t s  i n  t h e  o t h e r  t w o  g r o u p s  
1 

r . 
(Guberan  a n d  Fougemont ,  1 9 7 4 ) .  d - * -". 

Much c o n f u s i o n  and  a  wide  d i v e r g e n c e  o f  v i e w s  e x i s t  i n  t h e  

vo luminous  l i t e r a t u r e  o n  t h e  a e t i o l o g y  of v a r i c o s e  v e i n s  i n  t h e  

l o w e r  e x t r e m i t i e s  (Wagner  and H e r b e r t ,  1 9 4 9 ;  E o r s c h b e r g ,  1 9 6 7 ) .  

V a r i c o s e  v e i n s  r e s u l t  f r om p o o l i n g  o f  b l o o d  i n  t h e  lower 

e x t r e m i t i e s ,  w h i c h  c a u s e s  a n  i n c r e a s e d  p r e s s u r e  o n  t h e  b l o o d  

v e s s e l s  and  d i l a t i o n  o f  t h e  v e i n s ,  r e n d e r i n g  t h e  v e n o u s  pump 



i n e f f e c t i v e  i n  r e t u r n i n g  b l o o d  t o  t h e  h e a r t  and  ove rcoming  

g r a v i t y  ( F o o t e ,  1 9 6 0 ) .  

O c c u p a t i o n s  i n v o l v i n g  p r o l o n g e d  s t a n d i n g  seem t o  h a v e  a 

h i g h e r  f r e q u e n c y  and  s e v e r i t y  o f  v a r i c o s e  v e i n s  t h a n  o t h e r s  

which  a l l o w  e i t h e r  a s i t t i n g  p o s i t i o n  or  no rma l  e x e r c i s e  ( A s k a r  

and Emara,  1 9 7 0 ;  F e r n a n d e z ,  1 9 7 2 ) .  S t a n d i n g  h a s  b e e n  i m p l i c a t e d  

a s  a c o n t r i b u t o r y  f a c t o r  t o  v a r i c o s e  v e i n s ,  and f o r  i n i t i a t i n g  

o r  a g g r a v a t i n g  f o o t  d i s o r d e r s  (Kekkey  -- e t  a l . ,  1968 ;  T u r v e y ,  

1 9 7 0 ) .  A s t u d y  o f  a  v a r i e d - t e r r a i n  ( s p o n g y  m a t e r i a l )  v e r s u ;  a n  

e v c n ,  h a r d  f l o o r  s u r f a c e  u s e d  by  6 5  s u b j e c t s  i n  no rma l  s t a n d i n g  

work s i t u a t i o n s  found  t h a t  s u b j e c t s  u s i n g  t h e  v a r i e d - t e r r a i n  

f l o o r  s u r f a c e  r e p o r t e d  less  f a t i g u e  and  d i s c o m f o r t  o n  and o f f  

t h e  j o b  ( B r a n t i n g h a m  e t  a l . ,  1 9 7 0 ) .  -- . -" 

4 - \ / 
Back P r o b l e m s .  I n  B.C.  d u r i n g  1 9 8 2 ,  a  s t a g g e r i n g  

$48 ,739 ,506  was awarded  f o r  w a g e - l o s s  c l a i m s  r e l a t e d  t o  b a c k  

s t r a i n s  f o r  a l l  o c c u p a t i o n s .   his cos t  r e p r e s e n t s  48% of b o t h  

t h e  t e m p o r a r y  and  p e r m a n e n t - p a r t i a l  d i s a b i l i t y  c o s t s  f o r  t h e  

y e a r .  I n  p a r t i c u l a r ,  low-back p r o b l e m s  a re  p r e v a l e n t  among 

c a s h i e r  o p e r a t o r s .  
^_I*  1 

D u r i n g  l i f t i n g  w i t h  t h e  b a c k  b e n t ,  t h e  s p i n e  f o r m s  a n  a r c h ,  

w i t h  t h e  r e s u l t  t h a t  t h e  lower b a c k  m u s c l e s  a r e  s u b j e c t  t o  

s t r a i n  and  t h e r e  i s  a n  uneven  p r e s s u r e  o n  t h e  i n t e r - v e r t e b r a l  

d i s c s .  L i f t i n g  w i t h  t h e  b a c k  b e n t  and  l e g s  s t r a i g h t  i m p o s e s  

e x c e s s i v e  stress on  t h e  m u s c l e s  o f  t h e  b a c k  f o r  t w o  r e a s o n s  

( O l i s h i f s k i  and  McElroy ,  1 9 7 1 ) .  F i r s t ,  t h e  b a c k  m u s t  b e  i n c l i n e d  

a t  a g r e a t e r  a n g l e  t o  t h e  v e r t i c z l  f o r  t h e  h a n d s  t o  r e a c h  t h e  



o b j e c t .  S i n c e  t h e  " e f f e c t i v e  w e i g h t "  ( o f  t h e  o b j e c t  p l u s  t h e  

u p p e r  p a r t  o f  t h e  w o r k e r ' s  body)  i n c r e a s e s  r a p i d l y  a s  t h e  a n g l e  

i s  i n c r e a s e d ,  a much g r e a t e r  e f f o r t  i s  r e q u i r e d  t o  r a i s e  t h e  

back  t o  i t s  v e r t i c a l  p o s i t i o n .  S e c o n d ,  m u s c u l a r  e f f o r t  i s  

r e q u i r e d  t o  " s t r a i g h t e n "  t h e  s p i n e .  

A s t u d y  ( M i t a l  -- e t  a l . ,  1 9 7 8 )  i n d i c a t e d  t h a t  b o t h  w e i g h t  and 

work r a t e  were i m p o r t a n t  i n  c a u s i n g  b a c k  i n j u r i e s ,  a l t h o u g h  work 

r a t e  was a  more a c c u r a t e  and  l o g i c a l  s i n g l e  m e a s u r e  o f  back 

i n j u r i e s  o r  stress t h a n  w e i g h t .  A l i g h t  l o a d  a t  a  h i g h  r a t e  o f  

l i f t  c o u l d  b e  e q u a l l y  ( o r  m o r e )  s t r e s s f u l  t h a n  a  h e a v i e r  l o a d  a t  

a  l e s s e r  r a t e  o f  l i f t .  I n  t h i s  r e g a r d ,  t h e  work s p e e d  o f  t h e  

c a s h i e r  o p e r a t o r  h a s  i n c r e a s e d  t r e m e n d o u s l y  w i t h  The u s e  o f  t h e  

e l e c t r o n i c  s c a n n e r s .  

S t r e s s  and  F a t i g u e .  S t r e s s  f a l l s  i n t o  t w o  m a j o r  c l a s s e s .  

One n a r r o w  d e f i n i t i o n  r e f e r s  t o  stress a s  z n  e x c e s s  o f  

e n v i r o n m e n t a l  demands o v e r  c a p a c i t y  t o  meet s u c h  demands.  The 

s e c o n d  b r o a d  d e f i n i t i o n  r e f e r s  t o  stress a s  i n z p p r o p r i a t e  

p e r s o n - e n v i r o n m e n t  i n t e r a c t i o n  ( D a i n o f f ,  1 9 7 9 ) .  F a t i g u e  may b e  

d e f i n e d  a s  a g e n e r a l  r e s p o n s e  t o  stress o v e r  t i m e  (Cameron,  

1 9 7 4 ) .  ~ r a d i t i o n a l l y  t h r e e  a p p r o a c h e s  a r e  u sed  t o  measu re  

f a t i g u e .  T h e s e  a r e :  a )  c h a n g e s  i n  p e r f o r m a n c e ;  b )  c h a n g e s  i n  

s u b j e c t i v e  f e e l i n g s  ( e m o t i o n a l  s t a t e s ) ;  and c )  c h a n g e s  i n  



p h y s i o l o g i c a l  s t a t e .  

U n f o r t u n a t e l y ,  f a t i g u e  i n d i c a t o r s  may change  a t  d i f f e r e n t  

t i m e s ,  b e c a u s e  o f  d i f f e r e n t  work - loads  and  d i f f e r e n t  work 

i n t e n s i t i e s ,  l e a d i n g  t o  t h e  a p p e a r a n c e  o f  c o n t r a d i c t o r y  

c o n c l u s i o n s  (Cameron,  1 9 7 4 ) .  

111. TEE STUOY 

D e s p i t e  new c a s h  r e g i s t e r  i n n o v a t i o n s ,  t h e  c h e c k - s t a n d  

d e s i g n  i t s e l f  h a s  u n d e r g o n e  o n l y  min ima l  c h a n g e .  The t h e s i s  o f  

t h i s  s t u d y  is t h a t  t h e  c u r r e n t  s u p e r m a r k e t  c h e c k - s t a n d  d e s i g n  is 

i n a p p r o p r i a t e l y  c o n s t r u c t e d  w i t h  r e s p e c t  t o  w o r k i n g  h e i g h t s  and 

r e a c h e s ,  i n  r e l a t i o n - t o  t h e  body d i m e n s i o n s  o f  c a s h i e r  o p e r s t o r s  

and work demands o f  t h e  t a s k ,  t h u s  c o n t r i b u t i n g  t o  t h e  h e a l t h  

c o m p l a i n t s  o f  c a s h i e r  o p e r a t o r s  and  t o  d i m i n i s h e d  work 

e f f i c i e n c y .  

T h i s  s t u d y  e x a m i n e s  t h e  e rgonomic  p r o b l e m s  o f  s u p e r m a r k e t  

c h e c k - s t a n d s  e x i s t i n g  i n  t h e  Lower K z i n l a n d ,  w i t h  t h e  f o l l o w i n g  

o b j e c t i v e s :  

To examine  t h e  d e s i g n  o f  c h e c k - o u t  s y s t e m s  i n  r e l a t i o n  t o  

a n t h r o p o m e t r i c  m e a s u r e s  and  h e a l t h  p r o b l e m s  o f  c a s h i e r  

o p e r a t o r s ;  

To measu re  c h a n g e s  i n  hand f o r c e  g r i p  and  l e g  e d e n z  among 

c a s h i e r  o p e r a t o r s  o v e r  a  work ing  day ;  

To examine p o s t u r a l  f a t i g u e  among c a s h i e r  o p e r a t o r s ,  u s i n g  

a f a t i g u e  i n v e n t o r y  q u e s t i o n n a i r e  d e v e l o p e d  by  C o r l e t t  and  

B i s h o p  ( 1 9 7 6 ) ;  and  



4 .  To u t i l i z e  i n f o r m a t i o n  p r o v i d e d  by t h e  W o r k e r s '  

Compensa t ion  Board  o f  B.C.  r e g a r d i n g  awarded  c l a i m s  o f  

c a s h i e r  o p e r a t o r s  t o  f u r t h e r  t a r g e t  e r g o n o m i c  p r o b l e m s .  

The h y p o t h e s e s  o f  t h i s  s t u d y  a r e  t h a t :  (1) i n c o n g r u e n c i e s  

be tween  a n t h r o p o m e t r i c  d i m e n s i o n s  o f  c a s h i e r  o p e r a t o r s ,  and work 

s t a t i o n  d e s i g n s ,  p r e s e n t l y  i n  u s e ,  c o n t r i b u t e  t o  t h e  h e a l t h  

p rob lems  o f  c h e c k e r s ;  ( 2 )  hand g r i p  s t r e n g t h  w i l l  d e c r e a s e ,  

r e f l e c t i n g  p h y s i c a l  f a t i g u e ,  f rom t h e  b e g i n n i n g  t o  t h e  end o f  

t h e  d a y  i n  c a s h i e r  o p e r a t o r s ;  ( 3 )  l o w e r  l e g  c i r c u m f e r e n c e  w i l l  

i n c r e a s e  i n  c a s h i e r  o p e r a t o r s  f rom t h e  b e g i n n i n g  t o  t h e  end o f  

t h e  s h i f t ;  ( 4 ) , c h a n g e s  i n  p o s t u r a l  f a t i g u e  p a t t e r n s  w i l l  o c c u r ,  

r e l a t i v e  t o  t h e  body p a r t s  m o s t  used  i n  c a s h i e r i n g ,  f rom t h e  

b e g i n n i n g  t o  t h e  end  o f  t h e  day ;  and ( 5 )  WCB w a g e - l o s s  c l a i m s  t o  

c a s h i e r  o p e r a t o r s  w i l l  r e f l e c t  i n j u r i e s  t o  s p e c i f i c  body p a r t s  

m o s t l y  i n v o l v e d  i n  c a s h i e r i n g  r e l a t i v e  t o  o t h e r  o c c u p a t i o n s  

which d o  n o t  i n v o l v e  t h e  same a c t i v i t i e s .  

I V .  METHODS 

For  t h i s  s t u d y ,  a c a s h i e r  o p e r a t o r  s u r v e y  q u e s t i o n n a i r e  was 

d e v e l o p e d  (Append ix  H). R e l a t i v e  t o  p e r s o n a l  i n t e r v i e w i n g ,  t h e  

q u e s t i o n n a i r e  method f o r  o b t a i n i n g  i n f o r m a t i o n  i s  l e s s  d i r e c t ,  

l c s s  p e r s o n a l  and o f t e n  y i e l d s  l e s s  d e t a i l .  On t h e  o t h e r  hand ,  

i t  a l s o  i s  l e s s  e x p e n s i v e ,  r e a c h e s  a l a r g e r  p o p u l a t i o n  s a m p l e ,  

and is q u i c k e r  t o  a d m i n i s t e r  ' t han  t h e  i n t e r v i e w i n g  method .  To 

c o n t r o l  f o r  q u e s t i o n n a i r e  b i a s e s  and p r o b l e m s ,  c a r e f u l  

c o n s i d e r a t i o n  m u s t  b e  g i v e n  t o  t h e  word ing  o f  t h e  q u e s t i o n s .  I n  



addition, I relied upon feedback and constructive criticism from 

other researchers and from a small sample of the subject group 

in an attempt to control bias. 

The questionnaire developed (>ppendix H) is specific to the 

workstation and to work requirements of cashier operators. 

Information was collected on complaints pertaining to the 

check-stand and cash register design (height, width, etc.), to 

specific and general health and to the general work 

environment. Initially, 5 firms had been identified for the 

study, but in the end only two firms agreed to participate. 

Spproximately one hundred and seventy questionnaires were 

distributed in ten branches of the two supermarket firms. 

Eecause some questionnaires were distributed by the managers of 

the stores, it was not possible to determine exactly how many 

had been distributed. Furthermore, it was discovered that 

managers in two stores did not hand out any questionnaires 

(approximately 208 of the questionnaires). Seventy-four 

completed questionnaires were returned, which represents a 

response rate of approximately 43 percent. A possible reason why 

the response rate was not higher may have been due to a decision 

by some managers to collect the questionnaires themselves which 

may have discouraged some cashier operators from answering the 

questionnaire. 

A control group was not employed in this study because an 

appropriate one was not available. Choosing a control group not 

involved in grocery cashiering would result in comparing 



o c c u p a t i o n s ,  and n o t  t h e  a c t u a l  e r g o n o m i c s  o f  t h e  t a s k .  A more 

i d e a l  c o n t r o l  g r o u p  would b e  c a s h i e r  o p e r a t o r s  who d i f f e r  i n  t h e  

way t h e y  c a r r y  o u t  t h e  t a s k .  For  e x a m p l e ,  o n e  m i g h t  i n v e s t i g a t e  

' t h e  h e a l t h  e f f e c t s  o f  c a s h  r e g i s t e r  u s a g e  on  t h e  u p p e r  b o d y ' .  

I n  t h i s  c a s e ,  a n  a p p r o p r i a t e  c o n t r o l  g r o u p  would c o n s i s t  o f  

o p e r a t o r s  t h a t  d o  n o t  u s e  a  c a s h  r e g i s t e r  y e t  c a r r y  o u t  a l l  

o t h e r  f u n c t i o n s .  However, o p e r a t i o n s  t a b u l a t i n g  g r o c e r y  p r i c e s  

w i t h  pad and  p e n c i l  a r e  e x t i n c t .  A l t e r n a t i v e l y ,  o n e  m i g h t  

q u e s t i o n  ' t h e  h e a l t h  e f f e c t s  on t h e  b a c k  and lower l i m b s '  o f  

s t a n d i n g  w h i l e  c a s h i e r i n g .  However, a t  t h e  p e s e n t  t i m e  s e a t e d  

c a s h i e r  o p e r a t o r s  a r e  o n l y  found i n  E u r o p e .  

I n  a d d i t i o n  t o  t h e  q u e s t i o n n a i r e ,  a l l  c a s h i e r  o p e r a t o r s  

( t w e l v e  i n  t o t a l )  f rom o n e  s u p e r m a r k e t  s t o r e  were a s k e d  t o  

p a r t i c i p a t e  i n  g a t h e r i n g . b h e  o t h e r  t e s t  m e a s u r e m e n t s .  

A n t h r o p o m e t r i c  measurements  r e l e v a n t  t o  c h e c k - s t a n d  d e s i g n  were  

c o l l e c t e d  f r o m  t h e s e  s u b j e c t s  ( T a b l e  8 ) ,  a l o n g  w i t h  t h e  

d i m e n s i o n s  o f  t h r e e  c h e c k - s t a n d s  o f  d i f f e r e n t  d e s i g n s  ( t o u c h  

c h e c k i n g  and  b a g g i n g ,  s c a n  and b a g ,  s c a n n i n g  f o l l o w e d  by 

b a g g i n g )  wh ich  t h e y  used ( T a b l e  9 ) .  T h r e e  o t h e r  t e s t  

measu remen t s  were t a k e n  a t  t h e  b e g i n n i n g  and  end  o f  t h e  d a y :  

1. Hand g r i p  s t r e n g t h  - u s i n g  a  hand dynomometer;  

2 .  Leg edema - m e a s u r i n g  l a r g e s t  c a l f  c i r c u m f e r e n c e  w i t h  a  

t a p e  measu re ;  and 

3 .  P o s t u r a l  f a t i g u e  - u s i n g  a s u b j e c t i v e  f a t i g u e  i n v e n t o r y  

s h e e t  d e v e l o p e d  by C o r l e t t  and B i s h o p ,  ( 1 9 7 6 )  (Appendix  I ) .  



The r e a s o n s  f o r  c h o o s i n g  t h e s e  t es t  p a r a m e t e r s  a r e  t h a t  

t h e y  a r e  e a s i l y  a d m i n i s t e r e d  i n  t h e  w o r k p l a c e ,  c r e a t e  l i t t l e  or 

no  i n t e r f e r e n c e  w i t h  t h e  j o b ,  and a r e  d e s c r i p t i v e  o f  p o s s i b l e  

f a t i g u e  or  p h y s i o l o g i c a l  c h a n g e s  t a k i n g  p l a c e  i n  t h e  c h e c k e r .  

O p e r a t o r s  i n  t h e  t e s t  s to re  employed t h e  f o l l o w i n g  work method: 

(1) f i r s t ,  s c a n  a l l  p r o d u c t s ;  ( 2 )  walk  a r o u n d  t o  t h e  back  o f  t h e  

c h e c k - s t a n d  and  bag  t h e  i t e m s ;  and ( 3 )  r e t u r n  t o  t h e  c a s h  

r e g i s t e r  t o  a c c e p t  t h e  money. The t e s t  m e a s u r e m e n t s  were c a r r i e d  

o u t  on  a  T u e s d a y  ( a  r e l a t i v e l y  q u i e t  b u s i n e s s  d a y ) .  

Q u e s t i o n n a i r e s  were a n a l y z e d  b a s e d  on f r e q u e n c y  r e s p o n s e s  and 

c h i - s q u a r e  a n a l y s i s .  Changes i n  t e s t  m e a s u r e m e n t s  f rom t h e  s t a r t  

t o  t h e  end  o f  t h e  work s h i f t  were a n a l y z e d  u s i n g  a  p a i r e d  

t - t e s t .  

F i n a l l y ,  B . C .  W o r k e r s '  Compensa t ion  Board  s t a t i s t i c s  f o r  

a c c e p t e d  w a g e - l o s s  c l a i m s  f o r  c a s h i e r  o p e r a t o r s  were a n a l y z e d  t o  

p r o v i d e  a d d i t i o n a l  i n f o r m a t i o n  f o r  c a u s e s  and  s e v e r i t y .  These  

i n j u r y  s t a t i s t i c s  were a l s o  compared w i t h  t h o s e  f o r  o t h e r  

o c c u p a t i o n s  ( c o u n t e r  and d e p a r t m e n t  s tore s a l e s  c l e r k s ,  and 

t y p i s t s ) ,  a n d  w i t h  t h e  o v e r a l l  i n j u r y  r a t e s  f o r  a l l  B.C.  w o r k e r s  

combined. 



V. RESULTS 

A n t h r o p o m e t r i c  F i n d i n g s .  A l l  c a s h i e r s  w e r e ' f e m a l e .  The mean 

a g e  was 28 y e a r s ,  and o n l y  7  p e r c e n t  had  worked a s  c a s h i e r s  f o r  

l e s s  t h a n  o n e  y e a r .  T a b l e  7 p r e s e n t s  t h e  a g e  and h e i g h t  

d i s t r i b u t i o n  o f  t h e  r e s p o n d e n t s  t o  t h e  q u e s t i o n n a i r e ,  and 

d e s c r i b e s  t h e  t y p e  o f  c a s h  r e g i s t e r s  u s e d ,  t h e  form o f  moving 

g r o c e r i e s  a l o n g  t h e  t u r n - s t i l e ,  and  t h e  b a g g i n g  me thods  t h e  

r e s p o n d e n t s  employed.  S i x t y  p e r c e n t  o f  t h e  r e s p o n d e n t s  were  

be tween  t h e  a g e s  o f  20-29; e i g h t y - t w o  p e r c e n t  r a n g e d  i n  h e i g h t  

f rom 152cm-168km. Cash r e g i s t e r  u s a g e  was e v e n l y  s p l i t  be tween  

k e y i n g  and s c a n n e r  t y p e s .  On a v e r a g e ,  q u e s t i o n n a i r e  r e s p o n d e n t s  

had b e e n  employed a s  c a s h i e r  o p e r a t o r s  f o r  7 y e a r s .  However, i t  

was n o t  p o s s i b l e  t o  d i s t i n g u i s h  p a r t - t i m e  o p e r a t o r s  f rom 

f u l l - t i m e  o p e r a t o r s  s i n c e  m o s t  c a s h i e r  o p e r a t o r s  work v a r i a b l e  

h o u r s .  

A n t h r o p o m e t r i c  v a l u e s  f o r  t h e  t w e l v e  t e s t  s u b j e c t s ,  

r e l e v a n t  t o  c h e c k s t a n d  d e s i g n ,  a r e  p r e s e n t e d  i n  T a b l e  8 .  Elbow 

h e i g h t  r a n g e s  f rom 98 .5  t o  1 0 8 . 7  c m .  The h e i g h t s  o f  t h e  c a s h  

r e g i s t e r  b u t t o n s ,  and i n  some c z s e s  t h e  c a s h  r e g i s t e r  t i l l s  

( T a b l e  9 ) ,  exceed  t h e  s t a n d i n g  e l b o w  h e i g h t s  o f  a l l  t h e  c h e c k e r s  

measu red .  Two of t h r e e  c h e c k - s t a n d s  t e s t e d  ( T a b l e  9 )  exceed  t h e  

4 1  c m  maximum r e a c h  r ecommenda t ion .  
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TABLE - 8:  ANTHROPOMETRIC YARTARLES O F  TWELVE C A S H I E R  OPEFATORS - 
(Average age=28 yrs. Work experience 7-3/4 yrs.) 

W E I G H T  
(kg) 

ELBOW ARM KNEE 
H E I G H T  H E I G H T  LENGTH H E I G H T  
(cm) (cm) (cm) (em) 

RANGE O F  V A L U E S  
46.2- 157 .5 -  98.5- 6 6  .l- 34.6 
66.5 172 .3  108.7  75.9 48  .O 

NEAN 
60.5 165 .3  104.7  71.6 44.7 

STANDARD D E V I P T I O N  
6.3 4 .2  3.3 2.9 3.5 
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Work S t a t i o n  Des ign .  F i g u r e  9 is a summary o f  t h e  r e s p o n s e s  

t o  t h e  q u e s t i o n n a i r e s  p e r t a i n i n g  t o  t h e  d e s i g n  o f  t h e  work 

s t a t i o n .  F e a t u r e s  o f  c h e c k - s t a n d  d e s i g n  d e s i g n a t e d  n e g a t i v e  by 

more t h a n  1 0 %  o f  t h e  r e s p o n d e n t s  a r e  c o n s i d e r e d  e r g o n o m i c a l l y  

u n a c c e p t a b l e  and  t a b u l a t e d  i n  t h e  f i g u r e .  The 1 0 %  l e v e l  i s  

c h o s e n  b e c a u s e  it is t h e  r u l e  most commonly used  by human 

e n g i n e e r s  i n  e v a l u a t i n g  t h e  r a n g e  o f  too l  and equ ipmen t  

a c c e p t a b i l i t y  f o r  a  g i v e n  t a r g e t  p o p u l a t i o n  (Ducharme,  1 9 7 8 ) .  

A s  shown i n  F i g u r e  9 ,  t h e  n e g z t i v e  c h e c k - s t a n d  d e s i g n  

f e a t u r e  d e f i n i t e l y  i d e n t i f i e d  ( " y e s "  r e s p o n s e )  m o s t  f r e q u e n t l y  

i s  p r o t r u d i n g  o b j e c t s .  When a s k e d  a b o u t  p r o t r u d i n g  o b j e c t s  i n  

t h e  work p l a c e ,  c a s h i e r  o p e r a t o r s  c i t e d  t h e  f o l l o w i n g :  

- p l a s t i c  bag  h o o k s ,  s c a n n e r  s i d e s ,  c a s h  r e g i s t e r  d r a w e r ,  

bag  f l a p ,  e d g e  o f  c o u n t e r  t o p ;  

- my a r m  c o n s t a n t l y  h i t s  t h e  m e t a l  c o r n e r  of t h e  c a s h  

r e g i s t e r ;  

- . b a g g i n g  l e d g e  b r u i s e s  knee ;  

- c u s t o m e r  buggy rams h i p ;  

- some brown b a g s  g i v e  m e  p a p e r  c u t s  b e c a u s e  t h e y  a r e  n o t  

s e r r a t e d ;  

- s c r a p e  arm o n  l e f t  c o r n e r  o f  s c a n n e r ;  

- s c a n n e r  c a s e  p r o t r u d e s  by 2 i n c h e s  and  h a s  s h a r p  c o r n e r s ,  

y e t  I h a v e  t o  l e a n  a g a i n s t  i t  (my h i p s )  t o  g e t  food  i t e m s ;  

- c i g a r e t t e  c o u n t e r  r e s t r i c t s  v i e w ,  r e s u l t i n g  i n  h a v i n g  t o  

d u c k  u n d e r  a t  t i m e s  t o  g e t  a  buggy;  and 

- b r u i s e  k n e e  w i t h  screws and d o o r  h a n d l e s  o f  c h e c k - s t a n d .  
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A d d i t i o n a l  c h e c k - s t a n d  d e s i g n  o r  work  f e a t u r e s  which  a r e  

c o n s i d e r e d  u n a c c e p t a b l e  ( F i g u r e  9 )  i n c l u d e :  (1) p o o r  work 

p o s t u r e  r e s u l t i n g  i n  d i s c o m f o r t  and  p a i n ,  o c c a s i o n a l l y  f o r  63% 

o f  t h e  r e s p o n d e n t s ,  and c o n t i n u o u s l y  f o r  30% o f  t h e  r e s p o n d e n t s ;  

( 2 )  l o a d i n g  b a g s  i n t o  b u g g i e s  c a u s i n g  b a c k  p a i n ;  ( 3 )  i n a d e q u a t e  

work s p a c e ;  ( 4 )  c a s h  r e g i s t e r  b e i n g  p e r c e i v e d  a s  n o i s y ;  ( 5 )  

r e f l e c t e d  g l a r e  f rom r e a d - o u t  d i s p l z y ;  and  ( 6 )  e y e  i r r i t a t i o n  

r e l a t e d  t o  c a s h  r e g i s t e r  u s e .  

C r o s s - t a b u l a t i o n s  u s i n g  c h i - s q u a r e  e n e l y s i s  ( N i e  and H u l l ,  

1 9 7 5 )  o f  c h e c k - s t a n d  d e s i g n  r e s p o n s e s  i n  r e l a t i o n  t o  d e s i g n  

d e f e c t s  were c a r r i e d  o u t .  

$ s s o c i a t i o n  a t  a  s i g n i f i c a n c e  l e v e l  of p<C.05  was found  i n  

t h e  f o l l o w i n g  i n s t a n c e s :  (1) t h e  c u s t o m e r  c o u n t e r  was  r e p o r t e d  

t o  b e  t o o  h i g h  f o r  e l e c t r o n i c  s c a n n e r  c h e c k - s t a n d s ,  and t o o  l o w  

f o r  manua l  k e y - i n  c h e c k - s t a n d s ;  ( 2 )  t h e  S a g - w e l l  h e i g h t  was 

r e p o r t e d  t o  b e  t o o  l o w  b y  92 .3% o f  t h e  r e s p o n d e n t s ,  r e g a r d l e s s  

o f  t h e  c h e c k - s t a n d  d e s i g n ;  and  ( 3 )  r epor t s  o f  t h i g h  p a i n  by  

o p e r a t o r s  u s i n g  c h e c k - s t a n d s  w h i c h  h a d  a l e g  a c t u a t e d  l e v e r ,  

r a t h e r  t h a n  a n  e l e c t r o n i c  e y e ,  t o  move t h e  g r o c e r i e s  o n  t h e  

t u r n - s t i l e .  

H e a l t h  C o m p l a i n t s  and F a t i g u e .  T h i s  s t u d y ' s  s u r v e y  r e s u l t s  

f o r  c o m p l a i n t s  a b o u t  u p p e r  body  p a r t s  show t h a t  3 7 . 5 %  o f  

r e s p o n d e n t s  s u f f e r  f rom n e c k  p a i n ;  49 .3% f r o m  s h o u l d e r  p a i n  

( e s p e c i a l l y  o n  t h e  r i g h t  s i d e ) ;  33 .3% f r o m  arm p a i n ;  26 .8% f rom 

w r i s t  p a i n  ( e s p e c i a l l y  on t h e  r i g h t  s i d e ) ;  1 8 . 1 %  f r o m  hand  p a i n  

( p r e d c m i n a n t l y  o n  t h e  r i g h t  s i d e ) ;  and  1 5 . 3 %  f r o m  f i n g e r  p a i n .  



P h o t o g r a p h s  8-14 i l l u s t r a t e  p o s t u r e s  wh ich  may e x p l a i n  t h e s e  

r e s u l t s ,  s u c h  a s  t i l t i n g  t h e  h e a d  f o r w a r d ,  e x t e n d i n g  t h e  w r i s t  

w h i l e  s c a n n i n g  a p r o d u c t ,  and  r e p e a t e d l y  s t r e s s i n g  t h e  s h o u l d e r  

j o i n t  w h i l e  moving p r o d u c t  i t e m s .  

The r e s u l t s  f rom t h e  hand  dynomcmeter  show no  s i g n i f i c a n t  

d i f f e r e n c e s  ( p > 0 . 0 5 )  i n  t h e  h a n d - s t r e n g t h  o f  c h e c k e r s  f rom 

morn ing  t o  a f t e r n o o n  ( T a b l e  1 0 ) .  

I n  t h e  q u e s t i o n n a i r e  s u r v e y ,  47 .3% o f  t h e  r e s p o n d e n t s  

compla ined  o f  h e a d a c h e s  d u r i n g  t h e  work d a y .  One s o u r c e  o f  

h e a d a c h e s  may b e  t h e  d a i l y  work p a t t e r n  o f  modern c a s h i e r  

o p e r a t o r  o c c u p a t i o n s ,  w h i c h  r e q u i r e  v i s u a l  i n f o r m a t i o n  

p r o c e s s i n g  r e l a t e d  t o  k e y b o a r d  m a n i p u l a t i o n  and  b a g g i n g  

g r o c e r i e s .  

Q u e s t i o n n a i r e  r e s p o n s e s  r e l a t e d  t o  t h e  l o w e r  e x t r e m i t i e s  

i n d i c a t e :  27% s u f f e r  f r o m  l e g  s w e l l i n g  d u r i n g  work; 1 8 . 9 %  f r o m  

v a r i c o s e  v e i n s ;  28 .8% f rom h i p  p a i n  ( p r e d o m i n a n t l y  on t h e  r i g h t  

s i d e ) ; -  23 .6% f r o m  t h i g h  p a i n  ( p r e d o m i n a n t l y  o n  t h e  r i g h t  s i d e ) ;  

34 .2% f rom k n e e  p a i n  ( p r e d o m i n a n t l y  o n  t h e  l e f t  s i d e ) ;  1 6 . 4 %  

f rom a n k l e  p a i n ;  45.2% f r o m  f e e t  p a i n ;  and 1 5 . 3 %  f rom toe  p a i n .  

T h e s e  a c h e s  and  p a i n s  w e r e  n o t  a g e  r e l a t e d .  

The r i g h t  h i p  and  t h i g h  p a i n  may b e  d u e  t o  s t r a y  b u g g i e s  

b e i n g  pushed  i n t o  t h e  c a s h i e r  o p e r a t o r s  w o r k s p a c e ,  w h e r e a s  t h e  

l e f t  k n e e  p a i n  may b e  a f u n c t i o n  o f  u s i n g  k n e e - z c t i v a t e d  l e v e r s  

f o r  r o t a t i n g  t h e  t u r n - s t i l e .  C h i - s q u a r e  a n a l y s i s  shows t h a t  

t h i g h  p a i n  is  s i g n i f i c a n t l y  r e l a t e d  ( p < 0 . 0 5 )  t o  more t h a n  36 

h o u r s  o f  work per  week ,  a s  w a s  f e e t  p a i n  ( p < 0 . 0 5 )  w i t h  



TABLE CHANGES RIGHT 

D U R I N G  A WORKDRY ( k g )  - 

M O W I N G  AFTERNOON 

r i g h t  l e f t  r i g h t  l e f t  

MEAN 
30 .5  25 .6  

STC . DEV. 
3 . 1  3 .5  

STRENGTH 

p a i r e d  t - t e s t  o f  r i g h t  h a n d ,  t = O  . 0000 ,  SIGNIF=1.000 

p a i r e d  t - t e s t  o f  l e f t  h a n d ,  t = 0 . 8 0 9 1 ,  SIGNIF=@ .4373  



i n c r e a s i n g  employment  t i m e .  

I n  r e s p o n s e s  t o  t h e  s u r v e y  q u e s t i o n n a i r e ,  67 .6% of t h e  

r e s p o n d e n t s  r e p o r t  l o w  b a c k  p a i n .  Low back  p a i n  i n  t h i s  s t u d y  

was r e l a t e d ,  n o t  t o  a g e ,  b u t  t o  t h e  number o f  a c t i v e  y e a r s  o n  

t h e  j o b  ( p < 0 . 0 5 ) .  

The scores f o r  t h e  s u b j e c t i v e  f a t i g u e  i n v e n t o r y  s h e e t  

( T a b l e  1 2 )  i n d i c a t e  g r e a t e r  d i s c o m f o r t  f o r  c e r t a i n  body p a r t s  a s  

a  f u n c t i o n  o f  t h e  p o s t u r e  a d o p t e d  t o  c o m p l e t e  t h e  t a s k ,  r e l a t i v e  

t o  t h e  o v e r a l l  d e c r e m e n t  i n  c o m f o r t .  P o s t  p rob lems  a r e  s p e c i f i c  

t o  t h e  l o w e r  b a c k ,  n e c k ,  l e f t  s h o u l d e r ,  znd arm. T h e s e  r e s u l t s  

s u g g e s t  t h a t  more a c t i v i t y  i s  b e i n g  c a r r i e d  o u t  by t h e  l e f t  

s i d e ,  and t h a t  e x c e s s i v e  r e a c h e s  may b e  c o n t r i b u t i n g  t o  t h e  

lower back  p a i n .  However t h e  o v e r a l l  s c o r e  m e a s u r i n g  w e l l  b e i n g  

d i d  n o t  v a r y  g r e a t l y  d u r i n g  t h e  d a y ,  f o r  any  body p a r t  a f f e c t e d .  

I n  r e s p o n s e s  i n  t h e  q u e s t i o n n a i r e  t o  f a t i g u e ,  66 .2% o f  t h e  

r e s p o n d e n t s  s a i d  t h e y  e x p e r i e n c e d  g e n e r a l  f a t i g u e .  Plhen a s k e d  i f  

t h e y  e v e r  e x p e r i e n c e d  r e m a r k a b l e  f a t i g u e  ( i m p l y i n g  e x t r e m e  

f a t i g u e ) ,  1 4 . 9 %  o f  t h e  r e s p o n d e n t s  s a i d  y e s  and 62.2% s a i d  

sometimes, w i t h  t h e  f o l l o w i n g  e x p l a n a t i o n s :  

- a f t e r  8 h o u r s  o f  work ing  a t  my maximum c a p a c i t y ,  s p e e d  and 

c o n s t a n t  l i f t i n g ,  and s t i l l  h a v i n g  t o  b e  c h e e r y  a t  a l l  

times; 

- when t h e r e  is a  c o n t i n u o u s  l i n e - u p  and no  w r a p p e r s ;  

- a t  t h e  end  o f  a  l o n g  d a y / n i g h t  s h i f t ;  a  b u s y ,  b u s y  day ;  

- bn a  S a t u r d a y  a f t e r  work ing  a n  8-hour  s h i f t ;  

- d i r e c t l y  a f t e r  work ,  on l a t e  n i g h t s ;  



TABLE 11: CHANGES I N  LEG CIRCUEFERENCE AS A REASUFEMENT 
OF B L O O ~ P ~ I N G  I N  TKELVE CEHIER OPERATORS - - 

AFTERNOON 
(cm) 

33 .o  33 .3  

34.8 34 .8  

33.7 34.4 

33.0 32 .8  

35.4 35.3 

34.0 34 .5  

36 .1  36 .3  

KEAN 35.192 35.458 

P a i r e d  t - t e s t ,  t=-2.3591,  S i g n i f  icance=O .0379 



TABLE 12: RESULTS FROM SUBJECTIVE FATIGUE QUESTIONNAIRE 

FOR TWELVE CASHIER OPERATORS 

Overall comfort score on a scale from l=extremely comfortable 
to 7=extremely uncomfortable (Morning +Evening scores/2). 
Body part discomfort score on a scale from O=no pain to 
7 =  most painful. (* refers to body part specified) 

SUBJECT ?IEAN OVERALL DISCOJIFORT DISCO?lFORT BODY PART 
NUMBER FEELING OF SCORE* SCORE* . AFFECTED 

WELL-BEING 
SCORE -Morning -Afternoon 

lower .back 

left shoulder 

3 2 1 5-6 left shoulder 
and arm 

2 thighs, b ~ t h  
right G left 

6 3.5 4 6 cervical disc 
degeneration, 
and left 
shoulder 6 arm 

7 1.3 0 2 mid back and 
right hand 
from twisting 

8 3.5 -4 6 lower back 

10 1.5 4 5 right hand 

11 2 2 2 neck 



- when I s t a n d  a f u l l  8 h o u r s  i n  o n e  c h e c k - s t a n d ,  

e s p e c i a l l y  t h e  l a s t  2 h o u r s  o f  a s h i f t ;  

- a f t e r  a d a y  i n  t h e  e x p r e s s  check -ou t ;  and 

- a t  b u s y  t i m e s  when t h e r e  is  n o t  enough  h e l p .  

Compensa t i on  S t a t i s t i c s .  W o r k e r s '  Compensa t ion  Board  (WCE) 

work i n j u r y  s t a t i s t i c s  r e p r e s e n t  a n o t h e r  u s e f u l  a p p r o a c h  t o  

a n a l y z i n g  c a u s e s  and  e f f e c t s  o f  i n j u r i e s .  I n  1 3 8 2 ,  t h e  t o t a l  

number of w a g e - l o s s  c laims i n  B.C. was 7 0 , 2 5 5 ,  o f  which  1 6 , 5 2 9  

( 2 3 . 5 % )  were  b a c k  s t r a i n s  and  1 5 , 8 9 9  ( 2 2 . 5 % )  w e r e  o t h e r  s t r a i n s  

( K .  Nason ,  WCB S t a t i s t i c i a n ,  P e r s o n a l  Communica t i on ) .  The 

i n c i d e n c e  among c a s h i e r  o p e r a t o r s  o f  back  i n j u r i e s  and  o t h e r  

s t r a i n s  was 3 6 %  and  28% r e s p e c t i v e l y ,  g r e a t e r  t h a n  t h e  o v e r a l l  

i n c i d e n c e  o f  t h e s e  w a g e - l o s s  c l a i m s .  

WCB w a g e - l o s s  c l a i m  i n j u r y  s t a t i s t i c s  f o r  c a s h i e r  o p e r a t o r s  

i n  s u p e r m a r k e t s  c o v e r i n g  t h e  y e a r s  1372-1982 h a v e  b e e n  a n a l y z e d .  

The c a u s e s  and  e f f e c t s  a r e  g i v e n  i n  T a b l e  1 3 .  The t h r e e  m o s t  

p r e v a l e n t  c a u s e s  f o r  a  g i v e n  y e a r  a r e  i n d i c a t e d  w i t h  a n  a s t e r i s k  

( * I .  T h r o u g h o u t  t h i s  p e r i o d ,  0 v e r e x e r t i o . n  d u e  t o  l i f t i n g  i s  t h e  

l a r g e s t  s i n g l e  f a c t o r  c o n t r i b u t i n g  t o  t h e  i n j u r y  s t a t i s t i c s ,  

a c c o u n t i n g  f o r  24-43% o f  a l l  w a g e - l o s s  i n j u r i e s .  The t h r e e  m o s t  

p r e v a l e n t  w a g e - l o s s  i n j u r i e s  f o r  t h e  y e a r s  a n a l y z e d  a re  

c o n t u s i o n / b r u i s e s ,  b a c k  s t r a i n s - ,  and  o t h e r  s t r a i n s .  P e r c e n t a g e s  

a r e  i n  b r a c k e t s  i n  T a b l e  1 3 .  The c o n t u s i o n  and b r u i s e s  m o s t  

p r o b a b l y  r e s u l t  f r o m  p r o t r u d i n g  o b j e c t s  ( s t r u c k  by  s o m e t h i n g )  

and  i n a d e q u a t e  work space, a s  n o t e d  above .  However t h e  most 

s t r i k i n g  t h i n g  i n ' ~ a b 1 e  1 3  i s  t h e  a l m o s t  d o u b l i n g  o f  c la ims f r o m  



1980  - 1 9 8 2 .  P o s s i b l e  r e a s o n s  f o r  t h i s  w i l l  b e  o f f e r e d  i n  t h e  

d i s c u s s i o n  s e c t i o n .  

T a b l e  1 4  shows  t h a t  t h e  h i g h e s t  i n c i d e n c e  o f  w a g e - l o s s  

i n j u r i e s  o c c u r s  i n  c a s h i e r  o p e r a t o r s  b e t w e e n  t h e  a g e s  o f  20-29.  

F i g u r e  1 0  g r a p h i c a l l y  d e s c r i b e s  t h e  c h a n g e s  i n  a g e  d i s t r i b u t i o n  

and  p e r c e n t  i n j u r i e s .  U n f o r t u n a t e l y  t h e  i n t e r p r e t a t i o n  o f  t h e  

KCB d a t a  i s  l i m i t e d  by t h e  u n a v a i l a b i l i t y  o f  w o r k f o r c e  d a t a  

( e i t h e r  f r o m  S t a t i s t i c s  Canada o r  t h e  R e t a i l  C l e r k s  U n i o n ) .  



TABLE 13:  C a u s e s  & E f f e c t s  o f  Wage-Loss I n j u r i e s  i n  -- - - F 7 

C a u s e s  

C a s h i e r  Operators Work ing  - i n  S u p e r m a r k e t s  f o r  

t h e  Years 1972-1982 .  ( P e r c e n t a g e s  - i n  b r a c k e t s )  

( *  3 m o s t  p r e v a l e n t  c a u s e s  f o r  a  g i v e n  y e a r ) .  

N o .  o f  I n j u r i e s  -- 

1 9 7 2  1974  1 9 7 6  1 9 7 8  
S t r i k i n g  

a g a i n s t  s o m e t h i n g  6  5 5 1 0  
S t r u c k  by s o m e t h i n g  1 1 *  8 11*  20* 
F a l l s  f r om e l e v a t i o n  1 4  5 5  
F a l l s ,  s l i p s  o n  

same l e v e l  14*  11*  5 1 8 *  
R e a c h i n g ,  

t w i s t i n g ,  e t c .  1 0  1 1 *  6  8  
R e p e t i t i v e  n o t i o n  2  2  1 1 *  1 4  
O v e r e x e r t i o n  d u e  - 

t o  l i f t i n g  1 7 *  29* 42* 35*  
O t h e r  o v e r e x e r t i o n  3  8  1 0  1 4  
O t h e r  - 5 2 -  - - 3 - 5 

E f f e c t s  

C o n t u s i o n ,  b r u i s e  
C u t  
F r a c t u r e  
B u r s i t i s  
T e n o s y n o v i t i s  
Back S t r a i n s  
O t h e r  s t r a i n s  
O t h e r  

TOTAL 66 83 98 1 2 9  

N o .  o f  I n j u r i e s  -- 

TOTAL 



TABLE 14: Absolute Wage-Loss Injuries 

Related to Age Groups -- 

Age Group No. of Injuries -- 

TOTAL 66 - 83 98  129 178 322 

WCB wage-loss injuries for cashier operators 

(keying/standing /lifing activities) were compared with other 

occupations engaged in either sitting or standing all day: 

typists, stenographers (keying/sitting/no lifting activities), 

data processing equipment ( D P E )  operators (keying/sitting/no 

lifting activities), and retail sales clerks 

(keying/standing/occasional lifting activities). Table 15 

summarizes 1962 wage-loss claims, causes, and effects for the 

above selected occupations. 

Cashier operators have a higher percentage of wage-loss 

claim injuries related to overexertion (48%) and repetitive 



Figure 10: Percent injuries related to 
age groups for the years 1972-1982. 

Age Groups 



m o t i o n  ( 1 3 % )  t h a n  d o  w o r k e r s  i n  a n y  o f  t h e  o t h e r  o c c u p a t i o n s .  

T h i s  may a c c o u n t  f o r  t h e  h i g h e r  p e r c e n t a g e  o f  w a g e - l o s s  c l a i m s  

f o r  b a c k  s t r a i n s  a n d  t e n o s y n o v i t i s  i n  t h i s  g r o u p :  The  major 

c a u s e s  o f  w s g e - l o s s  c l a i m  i n j u r i e s  a m o n g s t  t y p i s t s  a n d  DPE 

o p e r a t o r s  a re  s l i p s  a n d  f a l l s  f r o m  e l e v a t i o n  ( 4 9 %  a n d  4 0 % ,  

r e s p e c t i v e l y )  l e a d i n g  t o  b a c k  s t r a i n s ,  a n d  o t h e r  s t r a i n s  

i n c l u d i n g  b r u i s e s ,  c u t s ,  a n d  f r a c t u r e s .  Amongst s a l e s  c l e r k s ,  

o v e r e x e r t i o n  c o n t r i b u t e s  33% t o  t h e  o v e r a l l  w a g e - l o s s  c l a i m  

i n j u r i e s ,  a n d ,  s t r u c k  b y  o r  a g a i n s t  o b j e c t s  2 1  p e r c e n t .  I t  i s  

e v i d e n t  f r o m  t h e s e  d a t a  t h a t  i t  i s  d i f f i c u l t  t o  d r a w  s n y  

c o n c l u s i o n  b y  c o m p a r i n g  o c c u p a t i o n s .  D e p e n d i n g  o n  work 

a c t i v i t i e s  a n d  w o r k s t a t i o n  l a y o u t ,  w a g e - l o s s  c l a i m  i n j u r i e s  a r e  

s p e c i f i c  t o  t h e  o c c u p a t i o n .  



TABLE - 1 5 :  Number o f  Wage- loss  C l a i m s ,  Y e a r  o f  A c c i d e n t  
1982, f o r  S e l e c t e d  ~ c c u p a t i o ~ ,  b y  Cause  
a n d  E f f e c t  ( p e r c e n t a g e  - o f  t o t a l  < n j u r y  
i n  b r a c k e t s ) .  - 

Cause  
C a s h i e r - r e l a t e d  

R e t a i l  Food 

R e p e t i t i v e  K o t i o n  4 1 ( 1 3 )  
O t h e r  V o l u n t a r y  

Mot ion  ( B e n d , e t c )  1 5 ( 5 )  
I n v o l u n t a r y  Mot ion  5 ( 2 )  
0 
v 
E  P u l 1 , p u s h  8 ( 2 )  
R C a r r y  O ( G )  
E  L i f t  & T u r n  2 2 ( 7 )  
X L i f t ,  N o  T u r n  8 5 ( 2 6 )  
E  Us ing  ~ o o l s  O ( 0 )  
R O t h e r  4 1 ( 1 3 )  
T  
I 
0 
N 
S l i p s  2 6 ( 8 )  
S t r u c k  by  O b j e c t s  2 9 ( 9 )  
S t r u c k  a g a i n s t  o b j e c t s  1 7 ( 5 )  
F a l l  f r o m  E l e v a t i o n  1 1 ( 3 )  
O t h e r  22 ( 7  

TOTAL 

E f f e c t  

B u r s i t i s  
T e n o s y n o v i t i s  
O t h e r  j o i n t ,  t e n d o n  

I n f l a m m a t i o n  
Back S t r a i n  
O t h e r  S t r a i n  
B r u i s e  
Cu t  
F r a c t u r e  
O t h e r  

TOTAL 

T y p i s t s  
S t e n o s  

D . P . E .  S a l e s  
Opers. C l e r k s  



Photographs 8 and 9 .  

Excessive cash r eg i s t e r  heights,  lead t o  r igh t  elbow abduction 
wr i s t  f lexion,  and occasional bruising t o  the elbow as the t i l l  
opens. 

Excessively high placement of the receipt -giver ,  necess i ta tes  
r epe t i t i ve  l i f t i n g  of the arm. 



Photographs 10 and 11. 

High placement of the  cash r e g i s t e r  buttons, promotes wr is t  
extension.  This posture may be maitained f o r  extended periods 
of time, e spec ia l ly  a t  touch-cheking t i  11 s .  

Incongruity between the  cash 
r e g i s t e r  height ,  and the  bag- 
well base, force the  checker 
t o  adopt an awkward posture. 



Photographs 1 2  - 1 4 .  Postures leading t o  symptoms o f  O C B S .  

Prolonged forward t i l t i n g  of the head f o r  viewing prices 
and products,  s t r e s s e s  the  neck and shoulder muscles. 

h i n t a i n i n g  an imbalanced upper 
postures f o r  bagging and keying 
items. 

Repeti t ive moving and pushing of 
grocer ies ,  involving extended reaches 
and leaning forward, s t r e s s e s  the  
upper body and lower back. 



P h o t o g r a p h s  15 -17.  R e p e t i t i v e  f o r w a r d  b e n d i n g  p o s t u r e s  o f  t h e  u p p e r  
b o d y  s t r e s s e s  t h e  l o w e r  b a c k .  

S c a n n i n g  f o l  1 owed by  
b a g g i n g .  

S c a n n i n g  a n d  b a g g i n g  i n  o n e  
c o n t i n o u s  m o t i o n .  

W r a p p e r  he1 p .  



Photographs 18 and 19.  Price read-outs. 

There i s  no price read-out in f ront  of the checker, only the 
small,  printed numbers on the rece ip t .  

The price read-out i s  ac tual ly  s i tua ted  behind the checker 
( l i t t l e  box t o  the r i g h t ) .  

92 



Photoqraphs 20 - 2 1 .  

The unsat i s fac tory  loca-  
t i o n  of the  bag-well 
causes the  knees t o  
s t r i k e  against  t h e  ledge 

Low counter heights 
and inadequate leg  

.space r e s u l t  in poor 
/working postures.  



P h o t o q r a p h s  22 a n d  23. B e n d i n g ,  r e a c h i n g  a n d  l e a n i n g  f o r w a r d  
as a  f u n c t i o n  o f  p o o r  w o r k s t a t i o n  d e s i g n .  

T o u c h  c h e c k i n g  a n d  b a g g i n g  i n  o n e  c o n t i n o u s  m o t i o n .  



Photographs 24 and 25.  Fatigue mats used by cashier  operators 
(some do not even have one).  

--- - . . - 



VI. DISCUSSION AND CONCLUSIONS 

R e s u l t s  o f  t h i s  s t u d y  s u g g e s t  t h a t  B r i t i s h  Columbia c a s h i e r  

o p e r a t o r s  s u f f e r  f rom t h e  same p r o b l e m s  a f f e c t i p g  o t h e r  

o p e r a t o r s  a r o u n d  t h e  w o r l d .  Based o n  a n t h r o p o m e t r i c  d a t a ,  t h e  

p r e s e n t  c h e c k - s t a n d s  r e q u i r e  e x c e s s i v e  r e a c h i n g  and  b e n d i n g  i n  

c o n f i n e d  work s p a c e s .  These  f a c t o r s  may b e  c o n t r i b u t i n g  t o  lower 

back  i n j u r i e s ,  c o n t u s i o n s ,  b r u i s e s ,  and  u p p e r  l i m b  p r o b l e m s ,  

which may b e  e x a c e r b a t e d  by t h e  need  t o  s t a n d  t h r o u g h o u t  t h e  

w o r k s h i f t .  

The a n t h r o p o m e t r i c  f i n d i n g s  s u g g e s t  t h a t  i n  t h e  d e s i g n  o f  

"new" c h e c k - s t a n d s ,  it is n e c e s s a r y  to  g o  beyond m e r e l y  

i n t e g r a t i n g  new s y s t e m s  i n t o  e x i s t i n g  w o r k s t a t i o n s  and exzrnining 

t h e  o p e r a t i o n  o f  t h e  equ ipmen t .  M a r r y i n g  a t w e n t i e t h  c e n t u r y  

e l e c t r o n i c  s c a n n e r  w i t h  a- n i n e t e e n t h  c e n t u r y  c h e c k - s t a n d  d o e s  

n o t  b e n e f i t  anyone .  ~ n t r o d u c i n g  e l e c t r o n i c  e q u i p m e n t ,  which  

d r a s t i c a l l y  c h a n g e s  t h e  f u n c t i o n  o f  t h e  j o b ,  r e q u i r e s  i n n o v a t i v e  

new work me thods  and  a d h e r e n c e  t o  e r g o n o m i c  p r i n c i p l e s ,  which 

o p t i m i z e  t h e  u s e r - s y s t e m  i n t e r f a c e  and  m i n i m i z e  t h e  h e a l t h  

p rob lems  o f  c a s h i e r  o p e r a t o r s .  

Body p o s i t i o n  s h o u l d  b e  c o n s i d e r e d  a s  a n  i n t e g r a l  p a r t  o f  

a l l  i n d u s t r i a l  o p e r a t i o n s ,  e s p e c i a l l y  when new w o r k - s t a t i o n s  a r e  

d e v e l o p e d  w i t h  t h e  i n t r o d u c t i o n  o f  t e c h n o l o g i c a l l y - a d v a n c e d  

equ ipmen t .  T h e r e  a r e  t w o  b a s i c  t e n e t s  t h a t  s h o u l d  b e  s t r e s s e d  

w i t h  r e s p e c t  t o  d e v e l o p i n g  a  w o r k s t a t i o n :  (1) it s h o u l d  b e  

p o s s i b l e  t o  a d o p t  more t h a n  o n e  p o s t u r e  t o  c o m p l e t e  t h e  t a s k ;  

and ( 2 )  i n  m o s t  i n s t a n c e s  i t  is n e c e s s a r y  t o  d e s i g n  t h e  



w o r k s t a t i o n  t o  accommodate more t h a n  j u s t  o n e  s i z e  o f  w o r k e r .  

Q u e s t i o n n a i r e  r e s u l t s  f o r  u p p e r  l i m b  p r o b l e m s  i n  t h i s  s t u d y  

may b e  i n t e r p r e t e d  i n  r e l a t i o n  to  c h a n g e s  i n  work method 

i n h e r e n t l y  i n v o l v e d  i n  mechanized  and  p a r t i a l l y  a u t o m a t e d  

p r o c e s s e s .  Bo th  e l e c t r o n i c  k e y i n g  and s c a n n i n g  h a v e :  

1) a p p a r e n t l y  made m e n t a l  and p h y s i c a l  w o r k l o a d s  l i g h t e r ,  b u t  

have  r e s u l t e d  i n  i n c r e a s e d  c o n s i s t e n c y  o f  p h y s i c a l  movements - 

meaning w o r k l o a d s  a r e  l o c a l l y  c o n c e n t r z t e d  i n  b o d i l y  p a r t s  s u c h  

a s  a rms ,  s h o u l d e r s ,  low b a c k ,  or  e y e s ,  a s  e v i d e n c e d  i n  t h e '  

p o s t u r a l  f a t i g u e  p a t t e r n ;  and 2 )  p roduced  a  work ing  s i t u a t i o n  

w i t h  a n  e l e v a t e d  r a t e  o f  work i n  which a  w o r k e r  i s  r e q u i r e d  t o  

p e r f o r m  monotonous  t a s k s  w i t h  i n c r e a s e d  a t t e n t i o n  and p a t i e n c e  

(Ghara  -- e t  a l . ,  1 9 7 6 a ) .  

T a b l e  1 3  and p h o t o g r a p h s  12-17 s u g g e s t  t h a t  OCBS is  

i n c r e a s i n g  w i t h  t h e  u s e  o'f e l e c t r o n i c  s c a n n i n g  and  t h e  r e d u c e d  

need f o r  t h e  k e y b o a r d ,  b e c a u s e  awkward b e n d i n g  p o s t u r e s ,  

i n c o r r e c t  c o u n t e r  h e i g h t s ,  and m e n t a l  stress o f  t h e  work p l a c e  

a r e  m a i n t a i n e d ,  r e s u l t i n g  i n  musc le  t e n s i o n  and s t a t i c  a c t i v i t y  

(Ohara  e t  a l . ,  1 3 7 6 a ) .  -- 

S e v e r a l  p o s s i b l e  e x p l a n a t i o n s  f o r  t h e  h i g h  i n c i d e n c e  o f  

h e a d a c h e s  c a n  b e  c o n s i d e r e d .  T h e r e  seemed t o  b e  a  l a r g e  number 

o f  r e s p o n d e n t s  who e x p e r i e n c e d  t h e  " p r i c e  r e a d - o u t "  t o  c a u s e  

g l a r e  and e y e  s q u i n t i n g ,  e s p e c i a l l y  i f  t h e  s u n s h i n e  r e f l e c t e d  on 

i t .  A s y n e r g i s t i c  e f f e c t  may have  b e e n  i n d u c e d  t h r o u g h  t h e  

musc le  t e n s i o n s  i n  t h e  neck  and s h o u l d e r s  o f  t h e  work p o s t u r e  

a d o p t e d .  From p e r s o n a l  o b s e r v a t i o n ,  i t  a p p e a r e d  t h a t  t h e  " p r i c e  



r e a d - o u t s "  were o f t e n  p l a c e d  a t  a n  e x t e n d e d  v i e w i n g  d i s t a n c e  (1 

m )  and i n  g e n e r a l l y  awkward l o c a t i o n s  ( b e h i n d  t h e  c a s h i e r ) ,  

p o t e n t i a l l y  c a u s i n g  e x c e s s i v e  f a t i g u e  and s t r a i n  t o  t h e  e y e s  and 

neck  ( P h o t o g r a p h s  1 8 - 1 9 ) .  A l t e r n a t i v e l y ,  t h e  h e a d a c h e s  may b e  

m a n i f e s t a t i o n s  o f  p s y c h o l o g i c a l  and  p h y s i o l o g i c a l  r e s p o n s e s  t o  

m e n t a l  stresses ( J o h a n n s o n  e t  a l . ,  1 9 7 8 )  e x p e r i e n c e d  by t h e  -- 

o p e r a t o r s .  

The hand dynomometer d i d  n o t  r e c o r d  a n y  c h a n g e s  i n  hand 

s t r e n g t h  d u r i n g  t h e  d a y .  I t  may n o t  b e  a n  i d e a l  i n s t r u m e n t  ' for 

f a t i g u e  t e s t i n g .  For  example ,  s t r e n g t h  measu remen t s  a r e  l z r g e l y  

d e p e n d e n t  o n  t h e  m o t i v a t i o n  o f  t h e  s u b j e c t ,  which  i s  n o t  e a s i l y  

c o n t r o l l e d .  

T h i s  s t u d y  a t t e m p t e d  t o  m e a s u r e  t h e  e x t e n t  o f  lower 

e x t r e m i t y  b l o o d  p o o l i n g  t a k i n g  p l a c e  i n  c a s h i e r  o p e r a t o r s  by 

measu r ing  c h a n g e s  i n  l e g  c i r c u m f e r e n c e .  R e s u l t s  a r e  r e p o r t e d  i n  

T a b l e  11. S i g n i f i c a n t  c h a n g e s  i n  c a l f  s i z e  o v e r  t h e  d a y  were  

measured amongs t  t h e  s u b j e c t s  t e s t e d  ( p < ~  .05 )  , d e s p i t e  t h e  f a c t  

t h a t  t h e  s u b j e c t s  d i d  a  f a i r  amount  o f  w a l k i n g  ( a s  a  f u n c t i o n  o f  

work method ) . 
T h i s  s t u d y  measured  s t a t i s t i c a l l y  s i g n i f i c a n t  c h a n g e s  i n  

l e g  c i r c u m f e r e n c e  amongs t  c a s h i e r  o p e r a t o r s .  However, t h e  
'i 

f i n d i n g s  a re  l i m i t e d  by  t h e  l a c k  o f  c o n t r o l s .  N e v e r t h e l e s s  a s  \.,, 

s u g g e s t e d  b y  t h i s  s t u d y  t h e  stress o f  s t a n d i n g  f o r  a  g i v e n  

w o r k s h i f t  c o n t r i b u t e s  i n  p a r t  t o  l e g  edema, f e e t  p a i n ,  and 

p o s t u r a l  f a t i g u e  i n  t h e  lower b a c k .  S t u d i e s  h a v e  shown t h a t  

o c c u p a t i o n s  w i t h  o p t i o n a l  s e a t i n g  h a v e  d e f i n i t e  a d v a n t a g e s  o v e r  



o c c u p a t i o n s  w h i c h  r e q u i r e  e x c l u s i v e  s t a n d i n g  or s i t t i n g .  

Combined s i t t i n g  and  s t a n d i n g  work s i t u a t i o n s  a re  more 

b e n e f i c i a l  t o  t h e  c i r c u l a t o r y  s y s t e m  and  s k e l e t a l  s y s t e m s ,  a s  

t h e y  e n a b l e  t h e  w o r k e r  t o  m a i n t a i n :  1) b e t t e r  p o s t u r e ;  2 )  

r e d u c e d  m u s c u l a r  a c t i v i t y ;  3 )  lower i n t r a v a s c u l a r  p r e s s u r e ;  4 )  

d e c r e a s e d  m u s c u l a r  f a t i g u e ;  5 )  a l o w e r  i n c i d e n c e  o f  v a r i c o s e  

v e i n s ;  and 6 )  r e d u c e d  low-back p a i n  ( F e r n a n d e z ,  1 9 7 2 ;  P c u e l l e r ,  

1 9 7 5 ;  Pyoub ,  1 9 7 3 ) .  

T y r e r  and  Lee  ( 1 9 7 9 )  h a v e  a d v o c a t e d  t h e  f o l l o w i n g  e r g o n o m i c  

p r i n c i p l e s  f o r  j o b s  i n  which  work m u s t  b e  d o n e  s t a n d i n g ,  w i t h o u t  

p r o v i s i o n  f o r  t h e  o p e r a t o r  t o  sit,,;, P h o t o g r a p h s ' 2 0 - 2 3  i l l u s t r a t e  

d e f i ~ l i e n c - e s  i n  o b s e r v e d  r e g i s t e r  o p e r a t o r  work s t a t i o n s ,  
t "  

r e l a t i v e  t o  t h e s e  p r i n c i p l e s :  

1. T h e r e  m u s t  b e  s u f f i c i e n t  f o o t  and  k n e e  rocm f o r  m o b i l i t y  

2 .  The w o r k e r  s h o u l d  n o t  h a v e  t o  a d o p t  a b e n t  p o s t u r e  

3 .  The w o r k i n g  h e i g h t  s h o u l d  b e  s u c h  a s  t o  a l l o w  t h e  u s e  o f  

t h e  a r m  m u s c l e s  t o  t h e  b e s t  m e c h a n i c a l  a d v a n t a g e ;  

4 .  Bench w o r k i n g  h e i g h t  s h o u l d  b e  a t ,  o r  j u s t  b e l o w ,  e lbow 

h e i g h t ;  and  

5.  F r e q u e n t  w a l k i n g  t o  improve  c i r c u l a t i o n  s h o u l d  b e  a l l o w e d  

and  e n c o u r a g e d .  

F u r t h e r m o r e ,  f a t i g u e  f l o o r  m a t s  o f  a d e q u a t e  t h i c k n e s s  

( e . g . ,  3-5 c m )  s h o u l d  b e  p r o v i d e d  ( P h o t o g r a p h s  2 4 - 2 5 ) ,  a s  t h e y  

promote p h a s i c  a c t i v i t y  o f  m u s c l e s  i n  t h e  l e g s  wh ich  h e l p  pump 



venous  b l o o d  b a c k  t o w a r d  t h e  h e a r t  ( B r a n t i n g h a m  e t  a l . ,  1 9 7 0 ) .  -- 

F i n a l l y ,  w o r k e r s  s h o u l d  b e  made aware  o f  a p p r o p r i a t e  

f o o t w e a r  i n  s t a n d i n g  j o b s .  For  e x a m p l e ,  t i g h t  b a n d s  o f  n y l o n s ,  

knee  s o c k s ,  or s t o c k i n g s  i n t e n s i f y  t h e  d i s c o m f o r t  o f  s t a n d i n g  

t o o  l o n g  i n  o n e  p l a c e .  

The p r e p o n d e r a n c e  o f  l o w  back  i n j u r i e s  and  p a i n s  r e p o r t e d  

by t h e  o p e r a t o r s  s t r o n g l y  s u g g e s t s  t h e  need  f o r  c o u n t e r  

m e a s u r e s .  Long s t a n d i n g  p r o d u c e s  m u s c l e  f a t i g u e  i n  t h e  abdomina l  

and b u t t o c k  m u s c l e s ,  i n c r e a s e s  t h e  c u r v a t u r e  o f  t h e  l o w e r  s p i n e  

and p u t s  a s t r a i n  o n  t h e  b a c k i ~ h o t o ~ r a ~ h s  12-14 i l l u s t r s t e  

p o s t u r e s  which p u t  s t r a i n  o n  t h e  back  o f  c h e c k e r s  and  w r a p p e r s  

due  t o  p o o r  e r g o n o m i c  d e s i g n 4  The s i g n i f i c a n c e  o f  t h e s e  

o b s e r v a t i o n s  i n  a c c o u n t i n g  f o r  c a s h i e r  back  p r o b l e m s  i s  

s t r e n g t h e n e d  by t h e  r e c e n t - r e v i e w  o f  Ande r s son  ( 1 9 7 9 )  on  t h e  

i m p o r t a n c e  o f  v a r i o u s  work p l a c e  f a c t o r s  t o  t h e  o c c u r r e n c e  and 

e t i o l o g y  o f  low b a c k  p a i n .  T h i s  r e v i e w  found i n c r e a s e d  s i c k n e s s  

and a b s e n c e  d u e  t o  l o w  back  p a i n  i n :  

1. j o b s  w i t h  h i g h  p h y s i c a l  demand; 

2 .  j o b s  w i t h  p r o l o n g e d  s t a t i c  work p o s t u r e s ;  

3 .  j o b s  w i t h  p r i m a r i l y  b e n t  o v e r  work p o s t u r e s  - e x e r t i n g  

g r e a t e r  l o a d s  o n  t h e  back ;  

4 .  j o b s  w i t h  s u d d e n  ( u n e x p e c t e d )  h i g h  p h y s i c a l  work l o a d s  o r  

r a p i d  s t r e t c h ,  f l e x i o n ,  and r o t a t i o n a l  movements; and % ", . 

5.  j o b s  u n d e r  v i b r a t i o n a l  c o n d i t i o n s .  
y- 

A l s o ,  a p o s i t i v e  r e l a t i o n s h i p  was e s t a b l i s h e d  be tween  l o w  

back  p a i n  and  t h e  number  o f  y e a r s  on  a  p a r t i c u l a r  j o b ,  



i n d e p e n d e n t  o f  t h e  a g e  o f  t h e  i n d i v i d u a l ,  a f i n d i n g  c o n f i r m e d  by 

t h i s  s t u d y .  Back s t r a i n s  r e p r e s e n t  t h e  l a r g e s t  c a t e g o r y  of 

i n d u s t r i a l  d i s e a s e s  r e p o r t e d .  I t  h a s  b e e n  s u g g e s t e d  t h a t  

b a c k a c h e s  a r e  n o t  u s u a l l y  c a u s e d  b y  i n c o r r e c t l y  l i f t i n g ,  b u t  

r a t h e r  b y  ove rworked  m u s c l e s  t h a t  r e b e l  a g a i n s t  s t r a i n  by  g o i n g  

i n t o  s u s t a i n e d  c o n t r a c t i o n  o r  spasm ( I m r i e ,  1 9 8 3 ) .  

I n  g e n e r a l ,  t h i s  s t u d y  h a s  n o t  f o u n d  e v i d e n c e  o f  e i t h e r  

s u b j e c t i v e  or  o b j e c t i v e  f a t i g u e  a m o n g s t  t h e  s u b j e c t s  t e s t e d .  

S i m i l a r  n e g a t i v e  r e s u l t s  h a v e  b e e n  o b t a i n e d  i n  a  s t u d y  o f  

a i r c r a f t  c r e w  members u n d e r  h i g h  w o r k l o a d  c o n d i t i o n s  (Cameron,  

1 9 7 4 ) .  None o f  t h e  f a t i g u e  i n d i c a t o r s  a p p e a r e d  d u r i n g  t h e  work 

i t s e l f ;  crew members were " t o o  b u s y  t o  f e e l  t i r e d " .  However,  

d e l a y e d  o n s e t  o f  s u b j e c t i v e  f e e l i n g s  o f  f z t i g u e  m o s t  l i k e l y  

would o c c u r  a t  t h e  same t i m e  a s  t h e  p o s t - w o r k  p h y s i o l o g i c a l  

f a t i g u e ,  i n t e r f e r i n g  w i t h  t h e  n o r m a l  p r o c e s s  o f  r e s t  and  

r e c o v e r y  and  l e a d i n g  t o  c h r o n i c  f e e l i n g s  of f a t i g u e .  I t  a l s o  h a s  

b e e n  n o t e d  t h a t  i n  c a s e s  whe re  p e r f o r m a n c e  d e f i c i t s  h a v e  b e e n  

o b s e r v e d ,  t h e y  u s u a l l y  d i s a p p e a r  r a t h e r  q u i c k l y  f o l l o w i n g  a  r e s t  

p e r i o d .  

The n o n - s i g n i f i c a n t  p h y s i c a l  f a t i g u e  r e s u l t s  ( T a b l e  1 2 )  a r e  

somewhat s u r p r i s i n g ,  i n  l i g h t  o f  s u p e r m a r k e t  r e c o r d s  showing  

t h a t  a t y p i c a l  c h e c k e r  keys/sccin-s f r o m  490-800 items p e r  h o u r ,  

p r o c e s s e s  5 0  t o  60 c u s t o m e r s  per h o u r ,  and  b a g s  50-80 b a g s  p e r  

h o u r  ( a n  a v e r a g e  brown p a p e r  b a g  w i t h  c o n t e n t s  w e i g h s  7 . 3  k g ,  

and a n  a v e r a g e  p l a s t i c  b a g  3 . 1  k g ) .  P o s t u r a l  f a t i g u e  would b e  

e x p e c t e d  f r o m  work a t  c h e c k - s t a n d s  r e q u i r i n g  i n c r e a s e d  s t a t i c  



p o s t u r e  s t a n d i n g  i n  o n e  p l a c e  f o r  l o n g  p e r i o d s .  However,  

s u b j e c t s  i n  t h i s  s t u d y  f i r s t  s canned  a l l  t h e  g o o d s ,  t h e n  moved 

a round t o  t h e  end  o f  t h e  check - s t and  t o  bag  them,  moved t o  g e t  a  

buggy,  and f i n a l l y  moved back  i n t o  t h e  c h e c k - s t a n d .  F u r t h e r m o r e ,  

more s i g n i f i c a n t  f a t i g u e  r e s u l t s  may h a v e  b e e n  o b t a i n e d  had a 

b u s i e r  d a y  b e e n  c h o s e n  t o  d o  t h e  t e s t i n g  ( T h u r s d a y  t o  S a t u r d a y ) .  

O t h e r  s t u d i e s  ( T a n a s e s c u  -- e t  a l . ,  1 9 6 3 )  h a v e  shown t h e  

i n p o r t a n c e  o f  cor rec t  body p o s i t i o n  i n  r e d u c i n g  f a t i g u e .  

C o n s t a n t  s t a n d i n g ,  r e a c h i n g ,  b e n d i n g ,  and l i f t i n g  p a r t s  ( e v e n  

s m a l l  p a r t s )  p r o d u c e d  f a t i g u e  d u r i n g  m i d - s h i f t  and  a t  t h e  end o f  

t h e  s h i f t .  P r o p e r  p l a c e m e n t  o f  ma te r i a .1  and s e a t i n g  would r e d u c e  

f a t i g u e .  F u r t h e r m o r e ,  t h e r e  i s  a n  i n c r e a s e d  e n e r g y  e x p e n d i t u r e  

a t  t h e  end  o f  t h e  week a s  compared t o  t h e  b e g i n n i n g  o f  t h e  work 

week, n o t  n e c e s s a r i l y  d i s c e r n i b l e  t o  t h e  w o r k e r ,  d u e  t o  t h e  

s m a l l  i n c r e m e n t  i n  p h y s i o l o g i c a l  f a t i g u e  r e l a t e d  t o  r e p e t i t i v e  

work i n  awkward p o s t u r e s ,  even  i n  t h e  c a s e  o f  l i g h t  work 

( T a y l o r ,  1 9 1 5 ) .  

I t  h a s  b e e n  r e c o g n i z e d  f o r  many y e a r s  t h a t  p e r f o r m a n c e  

d e t e r i o r a t e s  a t  a n  i n c r e a s i n g  r a t e  o n c e  f a t i g u e  h a s  s e t  i n ,  and 

t h a t  t o  p r o l o n g  work ing  a f t e r  t h i s  p o i n t  more t h a n  

p r o p o r t i o n a l l y  i n c r e a s e s  t h e  l e n g t h  o f  r e s t  r e q u i r e d  t o  

compensa te  ( T a y l o r ,  1 9 1 5 ) .  The f o r e g o i n g  f a t i g u e  r e s u l t s  and 

a n a l y s e s  r e g a r d i n g  c a s h i e r  o p e r a t o r  work s u g g e s t  t h a t  work 

stress and  f a t i g u e  c o u l d  b e  r educed  t h r o u g h  d e s i g n  o f  

c h e c k - s t a n d s  t o  r e d u c e  f a t i g u e ,  s u c h  a s  by p r o v i s i o n  o f  o p t i o n a l  

s i t t i n g  and s t a n d i n g  a r r a n g e m e n t s .  



The i n c r e a s e  i n  t h e  number o f  work r e l a t e d  w a g e - l o s s  c l a i m  

i n j u r i e s  i n  c a s h i e r  o p e r a t o r s  f r o m  1 9 7 2  t o  1982  ( T a b l e  1 2 )  c o u l d  

b e  a f u n c t i o n  o f :  1) a n  i n c r e a s e d  number of c h e c k e r s  employed i n  

1982  v e r s u s  1972 ;  2 )  i n c r e a s e d  a w a r e n e s s  o n  t h e  p a r t  o f  PICE and 

t h e  o p e r a t o r s  t h e m s e l v e s  r e g a r d i n g  work r e l a t e d  i n j u r i e s  amongs t  

c a s h i e r  o p e r a t o r s ;  a n d / o r  3 )  r e c e n t  m e c h a n i z a t i o n  and  a u t o m a t i o n  

h a s  r e s u l t e d  i n  a n  e l e v a t e d  work r a t e  w i t h  i n s u f f i c i e n t  

a t t e n t i o n  p a i d  t o  t h e  o v e r s t r a i n  and  stress o f  w o r k e r s  ( O h a r a  - e t  

a l . ,  1 9 7 6 a ;  J o h a n n s s o n  e t  a l . , '  1 9 7 8 ) .  - -- 

I d e a l l y ,  a work s i t u a t i o n  s h o u l d  b e  so d e s i g n e d  t h a t  t h e  

p e r f o r m i n g  i n d i v i d u a l  p r o d u c e s  a t  e c o n o m i c a l l y  a c c e p t a b l e  r a t e s  

w h i l e ,  a t  t h e  same t i m e ,  e n j o y i n g  h i g h  l e v e l s  o f  e m o t i o n a l  and 

p h y s i o l o g i c a l  w e l l - b e i n g  ( T i c h a u e r ,  1 9 7 6 ) .  

By i d e n t i f y i n g  c a s h i e r  o p e r a t i o n  h a z a r d s  r e l a t e d  t o  

e rgonomic  and human f a c t o r s ,  t h i s  s t u d y  r e p r e s e n t s  a  p o t e n t i a l  

r e s o u r c e  t o  management ,  u n i o n s ,  w o r k e r s ,  m a n u f a c t u r e r s ,  

e n g i n e e r s ,  e t c .  f o r  r e s o l v i n g  t h e  d e s i g n  and  h e a l t h  p r o b l e m s  

t h a t  e x i s t  i n  t h i s  i n d u s t r y .  M a n u f a c t u r e r s  o f  p r o d u c t s  c a n  no  

l o n g e r  a f f o r d  t o  i g n o r e  t h e  i n c r e a s e d  demand f o r  w e l l - d e s i g n e d  

and  s a f e  p r o d u c t s  a n d  s y s t e m s .  N h e t h e r  t h i s  demand is d u e  t o  

consumer  a w a r e n e s s ,  g o v e r n m e n t  i n t e r e s t  and  e n f o r c e m e n t ,  or  

improved t e c h n o l o g y ,  e f f o r t s  m u s t  b e  made t o  r e d u c e  p o o r  d e s i g n  

t h a t  c a u s e s  i n j u r y  l o s s  and  i m p a i r e d  p e r f o r m a n c e .  E f f e c t i v e  

a p p l i c a t i o n  o f  p r e s e n t  knowledge  o f  e r g o n o m i c  p r i n c i p l e s  c a n  b e  

u sed  t o  improve  o c c u p a t i o n a l  h e a l t h  i n  t h e  w o r k p l a c e ,  and 

f u r t h e r  s t u d y  o f  t h e s e  p r i n c i p l e s  s h o u l d  b e  p u r s u e d .  



V I I  . REFERENCES 

Ande r s son ,  G.E.J. ( 1 9 7 9 ) .  Low b a c k  p a i n  i n  i n d u s t r y ;  
e p i d e m i o l o g i c a l  a s p e c t s .  S c a n d i n a v i a n  - J .  R e h a b i l i t a t i o n  
M e d i c i n e  11 : 163-168.  - 

Aska r ,  O., and  Emara,  A.  ( 1 9 7 0 ) .  V a r i c o s e  v e i n s  a n d  o c c u p a t i o n .  
J .  E g y p t i a n  M e d i c a l  R s s o c i a t i o n  5 3 ( 5 ) :  341-350. - 

Ryoub, M.M. ( 1 9 7 3 ) .  Work p l a c e  d e s i g n  a n d  p o s t u r e .  Human F a c t o r s  
1 5 :  265-268. - 

B o r s c h b e r g ,  E . ( 1967  
E x t r e m i t i e s .  Ea 

) .  The P r e v a l e n c e  - o f  V a r i c o s e  V e i n s  - i n  Lower 
s e l x w i t z e r l a n d :  S .  K a r g e r .  

B ran t i ngham,  C . R . ,  Eeekman, B . E . ,  Mcss, C . N . ,  and Gordon ,  R.B. 
( 1 9 7 0 ) .  Enhanced v e n o u s  pump a c t i v i t y  a s  a r e s u l t  o f  
s t a n d i n g  o n  a  v a r i e d  t e r r a i n  f l o o r  s i r f a c e .  - J .  o c c u p a t i o n a l  
M e d i c i n e  (12 )5 :164 -169 .  

Czmeron, C .  A. ( 1 9 7 4 ) .  Theo ry  o f  f a t i g u e .  I n  A.  W e l f o r d  ( E d . ) .  
Man Under  S t r e s s .  London: T z y l o r  and  F r a n c i s  L t d .  

Cor le t t ,  E.N., and B i s h o p ,  R.P. ( 1 9 7 6 ) .  A t e c h n i q u e  f o r  
a s s e s s i n g  p o s t u r a l  d i s c o m f o r t .  E r g o n o m i c s  1 9  ( 2 ) :  175-182.  -- 

D a i n o f f ,  N.J. ( 1 9 7 9 ) .  O c c u p a t i o n a l  S t r e s s  F a c t o r s  - i n  
S e c r e t a r i a l / C l e r i c a l  Worke r s .  C i n c i n n a t i ,  Oh io :  U.S. 
D e p a r t m e n t  o f  H e a l t h ,  E d u c a t i o n  and  W e l f a r e ,  NIOSH. 

Ducharme, R.E. ( 1 9 7 8 ) .  P r e p l a n n i n g  t h e  i n t e g r a t i o n  o f  women i n t o  
t h e  w o r k f o r c e .  P r o c e e d i n g s  o f  t h e  Human F a c t o r s  S o c i e t y  - -- - 
22nd Annua l  M e e t i n g .  De t ro i t ,  N i c h i g a n :  Human F a c t o r s  
S o c i e t y .  p. 235-239. 

F e r g u s o n ,  D:, and  Duncan,  J .  ( 1 9 7 4 ) .  Keyboa rd  d e s i g n  and 
o p e r a t i n g  p o s t u r e .  E rgonomics  1 7 ( 5 ) :  651-662.  

Fe rnandez  D e  C a s t r o  Medal ,  A. ( 1 9 7 2 ) .  V a r i x  i n c i d e n c e  among 
Cuban w o r k e r s  d e p e n d i n g  o n  t h e  p o s i t i o n  a d o p t e d  d u r i n g  a 
d a y s  work .  Rev. Cuba. Med. l l ( 4 ) :  427-429.  

F o o t e ,  R . R .  ( 1 9 6 0 ) .  V a r i c o s e  V e i n s .  P P r a c t i c a l  Manua l .  3 r d  Ed. 
p. 7 ,  B r i s t o l .  Q u o t e d  i n  ~ o r s c h E e r g ,  E .  ( 1 9 6 7 ) .   he-- 
P r e v a l e n c e  o f  V a r i c o s e  V e i n s  i n  Lower E x t r e m i t i e s .  B a s e l .  - - 
~witzerland:~. K a r g e r .  



G r a n d j e a n ,  E .  ( 1 9 7 8 ) .  U e b e r  -- d e n  H e u t i g e n  S t a n d  d e r  K e n n t n u s s e  
auf  dem G e b i e t  d e r  E rgonomischen  G e s t a l t u n g  von  T a s t a t u r e n .  -- 
R e p o r t  p r e p a r e d  f o r  t h e  Z u r i c h  STF ( s t anda rd - l ephone  and  
Radio  Company) , Z u r i c h ,  S w i t z e r l a n d .  

G r a n d j e a n ,  E. ,  K r e t z s h m a r ,  H . ,  and  Wey, K .  (1968.a) .  E r h e b u n g  
u e b e r  d i e  Ermuedung und d e n  G e s u n d h e i t s z u s t a n d  be im  
V e r k a u f s p e r s o n a l  e i n e s  W a r e n h a u s e s .  Z e i t s c h r i f t  f u e r  
P r a e v e n t i v m e d i z i n  1 3  : 10-21.  - 

G r a n d j e a n ,  E. ,  K r e t z s c h m a r ,  H . ,  and  Wc tzka ,  G .  ( 1 9 6 8 b ) .  
A r b e i t s a n a l y s e n  be im  V e r k a u f s p e r s o n a l  e i n e s  W a r e n h a u s e s .  
Z e i t s c h r i f t  f u e r  P r a e v e n t i v m e d i z i n  1 3 :  1 -9 .  - 

Guberan ,  E . ,  and  Rougemont ,  P-. ( 1 9 7 4 ) .  Work c h a r a c t e r i s t i c s  o f  
women and  o r t h o s t a t i s m .  S o z .  P r a e v e n t i v m e d i z i n  1 9 ( 4 ) : .  
279-283. ( I n  F r e n c h  w i t h  E n g l i s h  a b s t r a c t ) .  

I m r i e ,  D. ( 1 9 8 3 ) ,  Goodbye Backache .  T o r o n t o :   renti ice 
H a l l / N e w c a s t l e .  

J o h a n n s s o n ,  G . ,  E r o n s s o n ,  G . ,  and  L i n d s t r o m ,  E.O. ( 1 9 7 8 ) .  S o c i a l  
p s y c h o l o g i c a l  and  n e u r o e n d o c r i n e  stress r e a c t i o n s  i n  h i g h l y  
mechan i sed  work-. E rgonomics  2 1 ( 8 ) :  583-599.  

Komoike, Y.M:, Kimura ,  M . ,  a nd  H o r i g u c h i ,  S .  ( 1 9 7 7 ) .  S t u d i e s  o n  
occupational c e r v i c o b r a c h i a l  d i s o r d e r s  o f  f e m a l e  o f f i c e  
w o r k e r s .  The Sumitomo B u l l e t i n  o f  I n d u s t r i a l  H e a l t h  1 3 :  - - 
112-125. .. 

Elekkey, S . ,  S c h i l l i n g ,  R.S.F., and  P J e l f o r d ,  J .  ( 1 9 6 8 ) .  B r i t i s h  
K e d i c a l  J .  2 :  830 .  - -  

M i t a l ,  A . ,  Ayoub, M . M . ,  A s f o u r ,  S .S. ,  and  B e t h e a ,  N.J. ( 1 9 7 8 ) .  
R e l a t i o n s h i p  b e t w e e n  l i f t i n g  c a p a c i t y  and  i n j u r y  i n  
o c c u p a t i o n s  r e q u i r i n g  l i f t i n g .  P r o c e e d i n g s  -- o f  t h e  Human 
F a c t o r s  S o c i e t y  -- - 22nd Annua l  H e e t i n g ,  De t ro i t ,  Jg i ch igan :  
Human F a c t o r s  S o c i e t y .  

M u e l l e r ,  K .  ( 1 9 7 5 ) .  P r o b l e m e  d e r  G e s t a l t u n g  von  P r b e i t s p l a e t z e n  
u n t e r  B e r u e c k s i c h t i g u n g  d e r  A n t h r o p o m e t r i s c h e n  und 
~ h y s i o l o g i s c h e n  Bedengungen d e r  F r a u .  -- Z .  g e s .  Hyg. 1 0 :  
814-818. 

N a t i o n a l  S a f e t y  N e w s  ( 1 9 7 7 ) .  T o e ,  f o o t ,  and  l e g  p r o t e c t i o n .  

M.H. ,  and H u l l ,  C.H. ( 1 9 7 5 ) .  SPSS: S t a t i s t i c a l  
t h e  S o c i a l  S c i e n c e s ,  Second  E d i t i o n .  N e w  York:  
Book Company. 

P a c k a g e  f o r  -- - 
M c G r a w  H i l l  



N i e b e l ,  B.W, ( 1 9 6 7 ) .  Mo t ion  and Time S t u d y ,  4 t h  E d i t i o n .  p. 1 6 9 .  -- 
Homewood, I l l :  R i c h a r d  D. I r w i n ,  I n c ,  

Oha ra ,  H . ,  Aoyama, H . ,  and I t a n i ,  T. ( 1 9 7 6 a ) .  H e a l t h  h a z a r d s  
among c a s h  r e g i s t e r  o p e r a t o r s  and  t h e  e f f e c t s  o f  improved  
c o n d i t i o n s .  J o u r n a l  - o f  Human E r g o l o g y  5  : 31-40. - 

Ohara ,  H . ,  N a k a g i r i ,  S . ,  I t a n i ,  T . ,  Wake, K . ,  and Aoyama, H .  
I 1 9 7 6 b ) .  O c c u p a t i o n a l  h e a l t h  h a z a r d s  r e s u l t i n g  f r o m  
e l e v a t e d  work r a t e  s i t u a t i o n s .  J o u r n a l  o f  Human E r g o l o g y  5:  - - 
173-182.  

O l i s h i f s k i ,  J .E . ,  and McElroy,  F.E. ( 1 9 7 1 ) .  ~ r g o n o m i c  s t r e s s e s :  
p h y s i c a l  and m e n t a l .  Fundamen ta l s  o f  I n d u s t r i a l  H y g i e n e .  
C h i c a g o ,  I11 : N a t i o n a l  S a f e t y  ~ o u n z l .  

O n i s h i ,  N . ,  Nomura, H . ,  S a k a i ,  K . ,  and Yamamoto, T. ( 1 9 7 5 ) .  i n  
e x p e r i m e n t a l  s t u d y  i n  t h e  l o a d  imposed  upon t h e  arm m u s c l e s  
i n  c a s h  r e g i s t e r  o p e r a t i o n  ( J z p a n e s e ) .  E n g l i s h  g b s t r a c t  i n :  
E rgonomics  A b s t r a c t s  2711: 540 .  

Redgrove ,  J .  ( 1 9 ' 7 9 ) .  F i t t i n g  t h e  j o b  t o  t h e  woman: a  c r i t i c a l  
r e v i e w .  A p p l i e d  Ergonomics  l O ( 4 ) :  215-223.  

Roebuck,  J . A . ,  Kroemer, K . H  . E . ,  and Thomson, W.G.  ( 1 9 7 5 ) .  
E n g i n e e r i n g  An th ropome t ry  Methods .  N e w  York:  J o h n  W i l e y  & 
S o n s .  

S a k u r i a ,  T . ,  and Niwa, T. ( 1 9 7 5 ) .  M u s c u l a r  b u r d e n  d e r i v e d  f rom 
dynamic  l o a d i n g .  P a r t  2.  Response  t o  s h o c k  l o a d i n g  o f  
c a s h - r e g , i s t e r  work i n  t h e  hand -a rm-shou lde r  s y s t e m .  
I n d u s t r i a l  H e a l t h  - 1 3 :  1 6 5 .  

S a l o r d ,  M.D. ( 1 9 7 8 ) .  The s e l f - s e r v i c e  c a s h i e r  - work s t u d y  
( F r e n c h ) .  C a h i e r s  d e  m e d i c i n e  i n t e r  p r o f e s s i o n n e l l e  1 8  
( 7 0 ) .  E n g l i s h  a b s t r a c t  i n :  I n d u s t r i a l  H y g i e n e  A b s t r a c t s  - 78:  
2056.  

T a n a s e s c u ,  G . H . ,  C h i r i a c ,  I . ,  and b ? i h a i l a ,  I .  ( 1 3 6 3 ) .  
C o n t r i b u t i o n  a1 ' E t u d e  P h y s i o l o g i q u e  e t  C i n e m a t i q u e  d e  
C e r t a i n e s  P o s i t i o n s  d e  T r a v a i l  c h e z  1 ' A d o l e s c e n t .  
P r o c e e d i n g s  o f  t h e  XIV I n t e r n a t i o n a l  C o n g r e s s  o f  --- 
O c c u p a t i o n a l  H e a l t h .  K a d r i d ;  S p a i n :  1 n t e r n a t i o G l  C o n g r e s s  
S e r i e s  No. 6 2  ( N e w  York: E x c e r p t a  Medica  ~ o u n d a t i o n ) .  

T a y l o r ,  F.W. ( 1 9 1 5 ) .  The P r i n c i p l e s  - o f  S c i e n t i f i c  Management.  
N e w  York :  H a r p e r .  

T i c h a u e r ,  E.R. ( 1 9 6 8 a ) .  I n d u s t r i a l  e n g i n e e r i n g  i n  t h e  
r e h a b i l i t a t i o n  o f  t h e  hand i capped .  ~ n d u s t r i a l  E n g i n e e r i n g  
1 9 ( 2 ) :  96-104.  



T i c h a u e r ,  E.R.  ( 1 9 6 8 b ) .  P o t e n t i a l  o f  b i o m e c h a n i c s  f o r  s o l v i n g  
s p e c i f i c  h a z a r d  p r o b l e m s .  P r o c e e d i n g s  - o f  -- 1968  P r o f e s s i o n a l  
C o n f e r e n c e .  P a r k  R i d g e ,  I l l :  Amer i can  S o c i e t y  o f  S a f e t y  
E n g i n e e r s .  

T i c h a u e r ,  E . F .  ( 1 9 7 6 ) .  B i o m e c h a n i c s  s u s t a i n s  o c c u p a t i o n a l  s a f e t y  
and  h e a l t h .  I n d u s t r i a l  E n g i n e e r i n g  8 :  44-45. - 

T u r v e y ,  R . J .  ( 1 9 7 0 ) .  The stresses and  s t r a i n s  o n  f e e t  i n  
i n d u s t r y .  E rgonomics  1 3 ( 5 ) :  569-575.  

T y r e r ,  F.H., and L e e ,  K .  ( 1 9 7 9 ) .  I! S y n o p s i s  o f  o c c u p a t i o n a l  
M e d i c i n e .  E r i s t o l :  J o h n  P7rigEt & S o n s  L-. 

Wagner ,  F .B . ,  and  H e r b e r t ,  P . A .  ( 1 9 4 9 ) .  E t i o l o g y  o f  p r i m a r y  
v a r i c o s e  v e i n s .  I lmer ican  J .  o f  S u r g e r y  78 :  876 .  -- - 

PCalsh, D.S. ( 1 9 7 6 ) .  I E ' s  i n  t h e  s u p e r m a r k e t .  ~ n d u s t r i a l  
E n g i n e e r i n g  - 8:  14-15 .  



C. STUDY 3 .  POSTURAL ANALYSIS O F  CASHIER OPERATORS 

I .  INTRODUCTION 

Some 260 y e a r s  a g o ,  B e r n a d i r o  F a n a z z i n i ,  t h e  f o u n d e r  o f  

o c c u p a t i o n a l  m e d i c i n e ,  r e a l i z e d  t h a t  o c c u p a t i o n s  c o n d u c t e d  

p r e d o m i n a n t l y  i n  a  s t a n d i n g  p o s i t i o n  engende red  h e a l t h  p r o b l e m s  

p e c u l i a r  t o  t h e  p o s t u r e ,  and s u g g e s t e d  l i m i t i n g  t h e  t i m e  s p e n t  

i n  a s t a n d i n g  p o s t u r e .  

However, be ' fore  a  d e c i s i o n  c a n  b e  made o n  t h e  a p p r o p r i a t e  

p o s t u r e  f o r  a  g i v e n  work a c t i v i t y ,  c a r e f u l  c o n s i d e r a t i o n  mus t  b e  

g i v e n  t o  t h e  a n t h r o p o m e t r i c ,  p h y s i o l o g i c a l ,  and b i o m e c h a n i c a l  

c h a r a c t e r i s t i c s  o f  t h e  w o r k e r  o n  t h e  o n e  hand and t h e  work 

r e q u i r e m e n t s  and p h y s i c a l  c o n s t r a i n t s  o f  t h e  e q u i p m e n t  o n  t h e  

o t h e r .  

I n a d e q u a t e l y  d e s i g n e d  w o r k s t a t i o n s  may r e s u l t  i n  t h e  

a d o p t i o n  o f  a s s y m e t r i c a l  work p o s t u r e s .  For  example ,  i f  t h e  body 

we igh t  i s  s h i f t e d  o n t o  a p a r t i c u l a r  l i m b ,  c o n s t a n t  c o n t r a c t i o n  

o f  a n t a g o n i s t i c  ( b a l a n c i n g )  m u s c l e s  w i l l  b e  n e c e s s a r y  i n  o r d e r  

t o  m a i n t a i n  t h e  u n f a v o u r a b l e  p o s i t i o n .  P o s t u r e  is t h e  r e s u l t a n t  

p r o d u c t  o f  b a l a n c i n g  o f  body s e g m e n t s  f rom t h e  f e e t  up  and  mus t  

b e  r e g a r d e d  as  a c o m p o s i t e  whole .  A s s y m e t r i c a l  o r  dynamic  

movement o f  a n y  one s e g m e n t  a n t e r i o r l y ,  p o s t e r i o r l y ,  or 

l a t e r a l l y ,  l e a d s  t o  a d j u s t m e n t  i n  some or  a l l  o t h e r  s e g m e n t s .  

P o s t u r e s  a d o p t e d  b y  w o r k e r s  may b e  r e p e a t e d  many t i m e s  a d a y ,  



and d a i l y  f o r  many y e a r s ,  and  t h u s  c a n  b e  e x p e c t e d  t o  a f f e c t  t h e  

m u s c u l o - s k e l e t a l  s y s t e m  a n d  work e f f i c i e n c y  o f  t h e  i n d i v i d u a l  

( B u l l i n g e r  and  S o l f ,  1 9 7 9 ;  F r a n k e l  and  N o r d i n ,  1 9 8 0 ) .  O t h e r  

r e s e a r c h  i n v e s t i g a t i o n s  h a v e  d e m o n s t r a t e d  a h i g h  c o r r e l a t i o n  

be tween  r e p e a t e d l y  a s s u m e d ,  poor w o r k i n g  p o s t u r e s  and  h e a l t h  

c o m p l a i n t s  ( F l i c k s t r o m ,  1 9 7 8 ;  v a n  N e l y ,  1 9 7 0 ) .  F u r t h e r m o r e ,  o v e r  

t h e  y e a r s ,  s e v e r a l  a n a t o m i c a l ,  b i o m e c h a n i c a l  and p h y s i o l o g i c a l  

work t o l e r a n c e  p r i n c i p l e s  h a v e  b e e n  e s t a b l i s h e d ,  n e g l e c t  o f  

which  may r e s u l t  i n  u n n e c e s s a r y  p h y s i c a l  demands ,  d i s c o m f o r t ,  

and  o c c u p a t i o n a l  d i s e a s e s  ( B a r n e s ,  1 3 6 8 ;  T i c h a u e r ,  1 9 7 8 ) .  

The e f f e c t s  o f  r e p e t i t i v e  work o n  t h e  w e l l - b e i n g  o f  w o r k e r s  

were examined i n  s t u d y  o f  2 0 0  women w o r k e r s  i n  a w a t c h  i n d u s t r y  

( k c k e r m a n - L i e b r i c h  -- e t  a l . ,  1 9 7 9 ) .  P o s i t i o n a l  c o n s t r a i n t s  

r e s u l t e d  i n  a n  i n c r e a s e d . i n c i d e n c e  o f  u p p e r  l i m b  p r o b l e m s .  

A d d i t i o n a l l y ,  t h e  s t u d y  f o u n d  t h a t  t h e  g r e a t e r  t h e  i n d i v i d u a l ' s  

p e r c e p t i o n  o f  work v a r i a b i l i t y  and  au tonomy,  t h e  g r e a t e r  was  t h e  

p e r c e i v e d  j o b  s a t i s f a c t i o n .  S t r e s s  may a r i s e  f rom e x c e s s i v e  

p h y s i c a l  e n v i r o n m e n t a l  c h a r a c t e r i s t i c s  s u c h  a s  e x c e s s i v e  n o i s e  

o r  l i g h t ,  or  may b e  p s y c h o l o g i c a l  i n  n z t u r e  i n v o l v i n g  c o n f l i c t ,  

f r u s t r a t i o n ,  or t h r e a t  ( B u r r o w s  -- e t  a l . ,  1 9 7 6 ) .  S t r e s s  e x i s t s  

when t h e  demands o n  t h e  p e r s o n  a r e  p e r c e i v e d  a s  t a x i n g  o r  

e x c e e d i n g  a n  i n d i v i d u a l ' s  a d j u s t i v e  c a p a c i t y  ( L a z a r u s ,  1 9 7 6 ) .  

E x c e s s i v e  s t r e s s  g i v e s  r i s e  t o  n e g a t i v e  e m o t i o n s 1  e x p e r i e n c e  

( s u c h  a s  a n x i e t y ,  f e a r ,  d e p r e s s i o n )  wh ich  i s  accompanied  by  

b e h a v i o u r a l ,  c o g n i t i v e ,  a n d  p h y s i o l o g i c a l  c h a n g e s  ( B u r r o w s  et 

a l . ,  1976  1 .  - 



The m o s t  common method o f  a n a l y z i n g  work m e t h o d s  is by 

d i r e c t  o b s e r v a t i o n .  The r e a s o n s  f o r  t h i s  a re  t h a t  t h e  t e c h n i q u e  

is s i m p l e ,  unambiguous ,  and m i n i m i z e s  i n t e r f e r e n c e  w i t h  t h e  

o p e r a t o r ' s  j o b .  The method e n t a i l s  t h e  s y s t e m a t i c  o b s e r v a t i o n  o f  

a n  o p e r a t i n g  s y s t e m  u s i n g  v a r i a b l e  o r  c o n s t a n t  s a m p l i n g .  T h i s  

r e s u l t s  i n  a l a r g e  number o f  i n s t a n t a n e o u s  o b s e r v a t i o n s ,  

r e c o r d e d  a s  f r e q u e n c i e s  o f ,  and t i m e  s p e n t ,  i n  c e r t a i n  

a c t i v i t i e s  o r  p o s t u r e s .  The p u r p o s e  o f  t h e  s a m p l i n g  i s  t o  g e t  a n  

a c c u r a t e  d e s c r i p t i o n  o f  wha t  a n  o p e r a t o r  o r  w o r k e r  d o e s  so  t h a t  

a  g u i d e  may b e  d e v e l o p e d  f o r  c o r r e c t i v e  a c t i o n .  

11. LITERATURE REVIEW 

T a s k  and P o s t u r e  A n a l y s i s  -- 

I n  t h e  e a r l y  1 9 0 0 1 s ,  F r e d r i c k  T a y l o r  p r o p o s e d  t h e  c o n c e p t  

o f  ' s c i e n t i f i c  management '  t o  i n c r e a s e  p r o d u c t i v i t y .  H e  s t r e s s e d  

t h e  need  t o  ' d e t e r m i n e  t h e  t i m e  r e q u i r e d  by  a q u a l i f i e d  and 

p r o p e r l y  t r a i n e d  p e r s o n  w o r k i n g  a no rma l  p a c e  t o  d o  a s p e c i f i c  

t a s k  o r  o p e r a t i o n '  ( B a r n e s ,  1 9 6 8 ) .  U n t i l  t h e  1 9 5 0 ' s  t h i s  t y p e  o f  

a n a l y s i s  w a s  known a s  t ime-and-mot ion  s t u d y .  Nowadays s u c h  

a n a l y s i s  h a s  b e e n  b r o k e n  down i n t o  method s t u d y  - d e t e r m i n i n g  

t h e  method b y  wh ich  a n  i n d i v i d u a l  d o e s  a  j o b  - and  work 

measu remen t  - t h e  t i m e  t a k e n  t o  c o m p l e t e  s e c t i o n s  o f  work 

( A p p l i e d  E r g o n o m i c s  Handbook,  1 9 8 0 ) .  T h e s e  t y p e s  o f  s t u d i e s  a re  

used  a s  a i d s  t o  p l a n n i n g  p r o d u c t i o n ,  e s t i m a t i n g  cos ts ,  and  

s e t t i n g  u p  p a y  s c h e d u l e s  f o r  d i f f e r e n t  j o b s .  



P r e - d e t e r m i n e d  m o t i o n  t i m e  s y s t e m s ,  o f  wh ich  t h e  m o s t  

f a m i l i a r  is Methods Time Measurement (MTM), i n v o l v e  a  d e t a i l e d  

a n a l y s i s  o f  s h o r t - c y c l e ,  r e p e t i t i v e  j o b s  u s u a l l y  e x a m i n i n g  hand 

m o t i o n s .  KTM i d e n t i f i e s  a ser ies  o f  f u n d a m e n t a l  m o t i o n s  known a s  

' t h e r b l i g s '  ( e . g .  g r a s p ,  r e a c h ,  move, h o l d )  w h i c h  a r e  made,  o r  

which i t  is e x p e c t e d  a n  o p e r a t i v e  w i l l  make, when c a r r y i n g  o u t  a  

p a r t i c u l a r  t a s k  (Konz ,  1 9 7 9 ) .  Time v a l u e s  a r e  t h e n  a s s i g n e d  t o  

each  o f  t h e s e  movements and su~mmed  t o  r e a c h  a t o t a l  t i m e  f o r  

t h e  t a s k .  NTM s y s t e m s  assume t h a t  t imes f o r  s u c c e s s i v e  movements 

e r e  i n d e p e n d e n t  of t h e  i n d i v i d u a l ,  o r  o f  s u b s e q u e n t  a c t i v i t y .  

T h e i r  u s e f u l n e s s  is t h a t  t i m e  v a l u e s  c a n  b e  a s s i g n e d  t o  new 

t a s k s  i n  t h e  p r e - p r o d u c t i o n  p l a n n i n g  s t a g e  ( A p p l i e d  Ergonomics  

Handbook, 1 9 8 0 ) .  

I n  o r d e r  f o r  e r g o n o m i c s  t o  a c h i e v e  i t s  g o a l  and  a s s i s t  i n  

t h e  i n t e g r a t i o n  o f  u s e r - s y s t e m  i n t e r f a c e s ,  i f  is n e c e s s a r y  for 

t h e  e rgonomic  a n a l y s t  t o  e v a l u a t e  b o t h  t h e  p r o b l e m  and  i t s  

r e l a t e d  d e s i g n  p r o b l e m s  ( F o h m e r t ,  1 9 8 0 ) .  The e r g o n o m i c  a p p r o a c h  

t o  work e v a l u a t i o n  is  c o n c e r n e d  w i t h  s y s t e m  a n a l y s i s ,  work 

s t a t i o n  a n a l y s i s ,  and  p o s t u r e  a n a l y s i s .  

System a n a l y s i s  i n c l u d e s  d e f i n i n g  t h e  s y s t e m  a i m s  and  the ,  

v a r i o u s  f u n c t i o n s  n e e d e d  t o  a c h i e v e  t h o s e  a i m s ,  and  i d e n t i f y i n g  

t h e  work t a s k s  o f  a  work s y s t e m .  P r o c e s s  a n a l y s i s  is a method o f  

s y s t e m  a n a l y s i s ,  r e c o r d i n g  t h e  v a r i o u s  i n t e r a c t i o n s  of a 

man-machine s y s t e m .  

a .  P r o c e s s  c h a r t s  d e s c r i b e  ( i )  t h e  v a r i o u s  s t a g e s  i n  t h e  

m a n u f a c t u r e  o r  p r o c e s s i n g  o f  a p a r t i c u l a r  p r o d u c t ;  o r  



( i i )  t h e  v a r i o u s  a c t i v i t i e s  a n  o p e r a t o r  g o e s  t h r o u g h  

d o i n g  h i s  j o b ,  u s i n g  s t a n d a r d i z e d  s y m b o l s .  

b .  Flow d i a g r a m s  a r e  g r a p h s  o f  a p r o c e s s  c h a r t  showing 

t h e  l o c a t i o n s  o f  a l l  t h e  o p e r a t i o n s .  

The p r o c e s s  c h a r t s  and f l o w  d i a g r a m s  a r e  p r i m a r i l y  

u sed  fo r  a n a l y z i n g  work s i t u a t i o n s  wh ich  a r e  

r e p e t i t i v e  and s t a n d a r d i z e d  ( C h a p a n i s ,  1 9 6 3 ) .  

c .  L i n k  a n a l y s i s  i s  s i m i l a r  t o  a f l o w  d i a g r a m  e x c e p t  t h a t  

t h e  l i n k a g e s  be tween  v a r i o u s  components  a r e  e x p r e s s e d  

i n  s t a t i s t i c a l  t e r m s  o f  r e l a t i v e  f r e q u e n c i e s  between 

components .  I t  i s  a  u s e f u l  method p r i m a r i l y  i n  s o l v i n g  

p r o b l e m s  o f  l a y o u t  and a r r a n g e m e n t  o f  w o r k e r s  and - - 
m a c h i n e s .  However, i t  i s  n o t  c o n c e r n e d  w i t h  how l o n g  a  

w o r k e r  s p e n d s  a t  a  p i e c e  o f  e q u i p m e n t  ( C h a p a n i s ,  

Nany d i f f e r e n t  words  h a v e  been  used  t o  d e s c r i b e  t h e  

components  o f  j o b s ,  t hough  t h e  t w o  m o s t  u s e f u l  o n e s  a re  f u n c t i o n  

and t a s k  a n a l y s i s  ( D r u r y ,  1 9 8 3 ) .  F u n c t i o n s  a r e  d e f i n e d  a s  

c o m p l e t e  o p e r a t i o n s  which  a r e  c a r r i e d  o u t  by  o n e  p e r s o n  o r  

m a c h i n e ,  and a r e  u s u a l l y  f u r t h e r  s u b d i v i d e d  i n t o  t a s k s .  T a s k s  

a r e  t h e  s m a l l e s t  u n i t s  o f  b e h a v i o u r  o r  a c t i v i t i e s .  For  example 

m o n e t a r y  e x c h a n g e  would b e  c o n s i d e r e d  a f u n c t i o n ,  w i t h  t h e  

f o l l o w i n g  t a s k  s u b d i v i s i o n s :  r e c e i v i n g  money, k e y i n g - i n  amount 

r e c e i v e d ,  d e t e r m i n i n g  c h a n g e ,  and g i v i n g  c h a n g e .  The t a s k s  c a n  

b e  l a r g e  o r  s m a l l  u n i t s  o f  b e h a v i o u r ,  d e p e n d i n g  o n  t h e  s i z e  o f  

t h e  f u n c t i o n  ( D r u r y ,  1 9 8 3 ) .  



Work s t a t i o n  a n a l y s i s  p r i m a r i l y  a s s e s s e s  work s t a t i o n  

d i m e n s i o n s  r e l a t i v e  t o  t h e  f u n c t i o n s  c a r r i e d  o u t .  

P o s t u r e  a n a l y s i s ,  a s  t h e  name i m p l i e s ,  a n a l y z e s  t h e  

p o s t u r e s  o p e r a t i v e s  assume i n  o r d e r  t o  a c c e s s  and c o m p l e t e  a  

t a s k ,  and e n u m e r a t e s  t h e  l e n g t h  o f  t i m e  s p e n t  i n  e a c h  p o s i t i o n .  

When a n  i n d i v i d u a l  i s  a s s i g n e d  t o  a  t a s k ,  i t  become a n  i n t e g r a l  

p a r t  o f  t h e  work ing  e n v i r o n m e n t .  I n a d e q u a t e  p o s t u r e s  m a i n t a i n e d  

o v e r  l o n g  p e r i o d s  may c a u s e  p a i n  e x t e n d i n g  beyond t h e  work 

p e r i o d  and p e r m a n e n t l y  p o o r  p h y s i c 2 1  p o s t u r e s  ( C o r l e t t  and '  

Manenica ,  1 9 8 0 ) .  S h o r t  t e r m  e f f e c ' t s  h a v e  a  m a j o r  i n f l u e n c e  on 

p e r f o r m a n c e .  

P o s t u r e  a n a l y s i s  - o f  c a s h i e r  o p e r a t o r s  

A s  d i s c u s s e d  i n  t h e  i n t r o d u c t i o n ,  a  number o f  s t u d i e s  h a v e  

r e l a t e d  p o o r  p o s t u r e s  a n d  t h e  p h y s i c a l  demands o f  d i f f e r e n t  j o b s  

t o  a n  i n c r e a s e d  i n c i d e n c e  o f  m u s c u l o s k e l e t a l  d i s e a s e s .  Bowever,  

p o s t u r a l  a n a l y s i s  o f  c a s h i e r  work is r e l a t i v e l y  s p a r s e .  

G r a n d j e a n  and  c o l l e a g u e s  , ( 1 9 6 8 )  a n a l y z e d  t h e  p h y s i c a l  

demands o n  s a l e s  c l e r k s  work ing  i n  a c l o t h i n g  s t o r e .  The 

f o l l o w i n g  p o s t u r e s  and  t i m e s  were i d e n t i f i e d :  w a l k i n g  58 rnin. ,  

s t a n d i n g  w i t h o u t  s u p p o r t s  3 h r .  55 min . ,  s t a n d i n g  a g a i n s t  a  

s u p p o r t  1 h r .  30  min . ,  and  b e n t  p o s t u r e  62 min . .  The m a j o r i t y  o f  

t h e  h e a l t h  c o m p l a i n t s  were r e l a t e d  t o  f e e t ,  l e g ,  and back  p a i n ,  

a s  a  f u n c t i o n  o f  t h e  o b s e r v e d  s t a t i c  p o s t u r e s .  

I v e r g a r d  ( 1 9 7 2 )  s t u d i e d  t h e  b e h a v i o u r  and a c t i o n s  o f  

Swedish  c a s h i e r s  and  c u s t o m e r s  i n  a  g r o c e r y  s tore .  R e s u l t s  

i n d i c a t e d  t h e  g r e a t e s t  p r o b l e m s  were  g o o d s  g e t t i n g  s t u c k  i n  t h e  



conveyor  b e l t ,  t h e  s p a c e  o n  t h e  c o n v e y o r  b e l t  was n o t  l a r g e  

enough,  and c u s t o m e r s  w i t h  l a r g e  o r d e r s  had  p r o b l e m s  when t h e y  

had t o  pay  fo r  and  p a c k  t h e i r  g o o d s  i n  t h e  l i m i t e d  t i m e  

a v a i l a b l e .  

E l i a s  and  c o l l e a g u e s ,  ( 1 9 8 1 )  d i d  a  m o t i o n  and p h y s i o l o g i c a l  

work s t u d y  o f  f e m a l e  c h e c k e r s  u s i n g  t o u c h - c h e c k i n g  r e g i s t e r s  i n  

a F rench  s u p e r m a r k e t .  The main e m p h a s i s  o f  t h e  s t u d y  was i n  

i d e n t i f y i n g  p o o r  s i t t i n g  p o s t u r e s  and  i t s  e f f e c t s  o n  arm 

movement. F ron  q u e s t i o n n a i r e  r e s p o n s e s ,  m u s c l e  f a t i g u e  was 

a s s o c i a t e d  w i t h  a  b e n t  o v e r  p o s t u r e  and l i f t i n g  t h e  a rms .  

Hoffman ( 1 9 8 2 )  a s s e s s e d  t h e  i m p a c t  o f  a l t e r n a t i n g  v a r i o - u s  

d e s i g n  f a c t o r s  i n  e l e c t r o n i c  s c a n n i n g  w o r k s t a t i o n s  o n  

p r o d u c t i v i t y .  The r e s u l t s  s u p p o r t e d  many o f  t h e  w o r k s t a t i o n  

d e s i g n  p a r a m e t e r s  recommended i n  t h e  European  e r g o n o m i c  

1 iterst,..- U L e ,  r E q u l r i n g  a  l e f t - t o - r i g h t  p a c k a g e  movement (in t h e  

Lower N a i n l a n d  p a c k a g e  movement i s  f rom r i g h t - t o - l e f t ,  i n  mos t  

i n s t a n c e s ) .  

L a s t l y ,  J a p a n e s e  r e s e a r c h e r s  ( O h a r a  -- e t  a l . ,  1 9 7 6 )  h a v e  

h y p o t h e s i z e d  t h a t  numerous  h e a l t h  c o m p l a i n t s ,  e s p e c i a l l y  t h o s e  

s p e c i f i c  t o  t h e  u p p e r  b o d y ,  would b e  e l i m i n a t e d  w i t h  t h e  

i n t r o d u c t i o n  o f  t o u c h  c h e c k i n g  r e g i s t e r s  ( v s .  m e c h a n i c a l  
- 

r e g i s t e r s ) .  T h i s  h a s  n o t  o c c u r r e d .  The r e a s o n  p r o b a b l y  i s  t h a t  

c e r t a i n  t y p e s  o f  w o r k i n g  p o s t u r e s  and arm and  hand  m o t i o n s  known . 
t o  c a u s e  u p p e r  l i m b  d i s o r d e r s  a r e  s t i l l  m a i n t a i n e d  i n  t h e  new 

s y s t e m  ( e . g .  r e p e t i t i v e  f i n g e r  m o t i o n  a t  a h i g h  s p e e d ;  

r e p e t i t i v e  f i n g e r ,  w r i s t ,  and arm m o t i o n s ) .  
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The c h e c k s t a n d  is t h e  p o i n t  i n  t h e  s tore  where  goods  and 

! money c h a n g e  h a n d s .  Z! c h e c k - s t a n d  c o n s i s t s  o f  t h r e e  m a j o r  a r e a s :  

i n p u t ,  p r o c e s s i n g ,  and o u t p u t  ( I E K ,  1 9 8 1 ) .  The i n p u t  a r e a  i s  t h e  

i n t e r f a c e  w i t h  t h e  s h o p p e r ,  t h e  p r o c e s s i n g  a r e a  i s  t h e  o p e r a t o r  

and e q u i p m e n t  a r e a ,  and t h e  o u t p u t  i s  t h e  b a g g i n g  s e c t i o n . . I n  

B r i t i s h  Co lumbia ,  p r e d o m i n a n t l y  t w o  t y p e s  o f  c a s h  r e g i s t e r s  a r e  

used  - t h e  t o u c h - c h e c k i n g  r e g i s t e r  (TC) and t h e  e l e c t r o n i c  

s c a n n e r  ( E S ) .  F u r t h e r m o r e ,  t h e r e  a r e  t w o  d i f f e r e n t  work methods .  

One i n v o l v e s  p r i c i n g  t h e  p r o d u c t  f o l l o w e d  by b a g g i n g  i n  o n e  

c o n t i n u o u s  m o t i o n  (P+B) ;  t h e  o t h e r  method p r i c e s  a l l  p r o d u c t s  

f i r s t ,  and t h e n  i s  f o l l o w e d  by b a g g i n g  a l l  g o o d s  i n t o  p l a s t i c  o r  

p a p e r  b a g s  (P -E l .  

A s u p e r m a r k e t  may c h o o s e  any  o n e  o f  f o u r  b a s i c  me thods  f o r  

p r i c i n g  and  b a g g i n g  g r o c e r y  i t e m s .  

1. Touch-checking  R e g i s t e r :  

a .  w i t h  immed ia t e  b a g g i n g  i n  o n e  c o n t i n u o u s  m o t i o n  

b.  b a g g i n g  a f t e r  e v e r y t h i n g  h a s  been  keyed  i n  (TC:P-B). 

2 .  ~ l e c t r o n i c  S c a n n i n g  R e g i s t e r :  

a .  w i t h  immed ia t e  b a g g i n g  i n  o n e  c ~ n t i n u o u s  m o t i o n  

b.  b a g g i n g  a f t e r  e v e r y t h i n g  h a s  been '  keyed  i n  (ES:P-B) . 



Both P-B methods  allow a w r a p p e r  or  c u s t o m e r  t o  h e l p  i n  t h e  

b a g g i n g  p r o c e s s .  

The d i f f e r e n t  work m e t h o d s  c h o s e n  by  t h e  s u p e r m a r k e t s ,  

s h o u l d  b e  accompanied by  d i f f e r e n t  c h e c k - s t a n d  d e s i g n s ,  d e s i g n s  

which a r e  based  on t h e  work-method employed and a d h e r i n g  t o  

ergonomic  c o n c e p t s  o f  u s e r - s y s t e m  l i m i t a t i o n s .  

I n  r e p e t i t i v e  t a s k s ,  c o n s t r a i n e d  s t a t i c  s i t t i n g  o r  s t a n d i n g  

p o s t u r e s ,  and m e n t a l  o r  v i s u a l  stress, a r e  o f t e n  i n h e r e n t .  From 

a n  e rgonomic  s t a n d p o i n t ,  t h e s e  p o s t u r e s  p o s e  t h e  r i s k  o f  ~ a i n s  

i n  t h e  b a c k ,  s h o u l d e r ,  and  neck  ( F a e d a  -- e t  a l . ,  1 9 8 @ ) ,  and t h e  

stress p r o d u c e s  m e n t a l  and v i s u a l  f a t i g u e .  

S i d e  v i e w s  o f  TC o p e r a t o r s  k e y i n g  and b a g g i n g  a r e  shown i n  

P h o t o s  26  and 27 .  k n e e  a c t i v a t e d  l e v e r  is used t o  move t h e  

t u r n - s t i l e ,  t h e r e b y  moving t h e  g r o c e r y  i t e m s  t o \ > a r d  t h e  c a s h i e r  

o p e r a t o r .  TC o p e r a t o r s  r e a c h e a n d  g r z s p  a  g r o c e r y  i t e m  w i t h  t h e i r  

l e f t  h a n d ,  and key - in  w i t h  t h e i r  r i g h t  hand .  The i t e m  is t h e n  

r e l e a s e d  i n t o  a  p a p e r  b a g ,  s i t t i n g  i n  t h e  bag -we l l .  T h i s  

e l i m i n a t e s  t h e  d o u b l e  h a n d l i n g  o f  t h e  m e r c h a n d i s e ,  a n d ,  

t h e o r e t i c a l l y  r e d u c e s  t h e  t o t a l  t i m e  n e c e s s a r y  t o  p r o c e s s  a  

c u s t o m e r .  T h i s  t y p e  o f  work method is i d e n t i f i e d  a s  p r i c e  and 

bag  (P+B) .  U s u a l l y  s o f t  i t e m s  a r e  p l a c e d  t o  t h e  s i d e ,  t o  b e  

bagged a t  t h e  end u s i n g  b o t h  h a n d s .  P r o d u c e  i s  weighed and 

p r i c e d  a t  t h e  check -ou t  c o u n t e r .  P r o d u c e  p l a c e d  c n  t h e  weigh  

sca le  mus t  f i r s t  s t a b i l i z e  b e f o r e  t h e  p r i c e  c a n  b e  keyed  i n .  

A f t e r  a l l  i t e m s  h a v e  b e e n  keyed- in  and bagged5 t h e  c u s t o m e r  i s  



in formed o f  t h e  t o t a l  cost .  Us ing  b o t h  h a n d s  t o  g r a s p  t h e  t o p  o f  

a  f i l l e d  g r o c e r y  b a g ,  a c a s h i e r  o p e r a t o r  p i v o t s  o n  h e r  f e e t  t o  

p l a c e  t h e  b a g  i n t o  a buggy on t h e  r i g h t  hand s ide o f  t h e  c a s h  

r e g i s t e r .   his is f o l l o w e d  by a  t r a n s i t i o n  p e r i o d  o f  w a i t i n g  f o r  

t h e  c u s t o m e r  to  e x t r a c t  t h e  n e c e s s a r y  money o r  w r i t e  a  c h e q u e .  

Once t h e  c a s h i e r  o p e r a t o r  h a s  r e c e i v e d  t h e  money s h e  k e y s - i n  t h e  

t o t a l ,  and e x t r a c t s  t h e  change  t o  b e  r e t u r n e d  t o  t h e  c u s t o m e r .  

Tc p r e p a r e  f o r  t h e  n e x t  c u s t o m e r ,  a  new s e t  o f  p a p e r  b a g s  a r e  

opened and p l a c e d  i n t o  t h e  bag w e l l .  

E l e c t r o n i c  Scanning:P-E 

S i d e  v i e w s  o f  ES o p e r a t o r s ,  s c a n n i n g  f o l l o w e d  b y  b a g g i n g ,  

a r e  shown i n  P h o t o s  2 8  and 2 9 .  L i k e  t h e  TC s y s t e m ,  a k n e e  

a c t i v a t e d  l e v e r  i s  used  t o  advance  t h e  t u r n - s t i l e .  I n  ES, t h e  

o p e r a t o r  s e l e c t s  a n  a r t i c - l e  w i t h  t h e  r i g h t  h a n d ,  p a s s e s  i t  o v e r  

t h e  f i x e d  s l o t  s c a n n e r  ( w ; -  ,,,dew) which r e a d s  and d e c o d e s  t h e  

U n i v e r s a l  P r p d u c t  Code (UPC),  by  means o f  a  l a s e r  beam t o  

d e t e r m i n e  t h e  p r i c e  and  t o  d e b i t  t h e  i t e m  f rom t h e  s t o c k  

i n v e n t o r y .  The i t e m  t h e n  is p a s s e d  t o  t h e  l e f t  h a n d  and  f l u n g  t o  

t h e  back  of  t h e  c h e c k - s t a n d .  I n  t h e  meant ime,  t h e  r i g h t  hand i s  

r e a c h i n g  f o r  t h e  n e x t  a r t i c l e .  I d e n t i c a l  t o  TC, p r o d u c e  i s  

weighed a t  t h e  c h e c k - o u t .  However, w h i l e  t h e  scale i s  

s t a b i l i z i n g  o t h e r  p r o d u c t s  a r e - b e i n g  s c a n n e d .  Once t h e  s c a l e  h a s  

s t a b i l i z e d ,  t h e  p r o d u c e  c o d e  is keyed- in  w i t h  t h e  r i g h t  h a n d ,  

w h i l e  t h e  l e f x  hand r emoves  t h e  a r t i c l e .  

I n  some i n s t a n c e s  a UPC l a b e l  c z n n o t  b e  r e z d  b y  t h e  s c a n n e r  

d u e  t o  damage o r  p o o r  p r i n t i n g  q u a l i t y ,  i n  wh ich  c a s e  t h e  



c h e c k e r  is in fo rmed  by t h e  a b s e n c e  o f  a  b e e p  which i s  n o r m a l l y  

p r e s e n t e d  as e a c h  i t e m  is s c a n n e d .  I n  t h i s  c a s e ,  t h e  o p e r a t o r  

h a s  t o  e i t h e r  r e s c a n  t h e  i t e m  o r  t o  m a n u a l l y  k e y  i n  t h e  U P C  

code .  o n c e  a l l  t h e  i t e m s  h a v e  b e e n  s c a n n e d ,  t h e  o p e r a t o r  i n f o r m s  

t h e  c u s t o m e r  o f  t h e  t o t a l .  ?LS t h e  c u s t o m e r  e x t r a c t s  money o r  

w r i t e s  a  c h e q u e ,  t h e  c a s h i e r  o p e r a t o r  b a g s  t h e  i t e m s  i n t o  

p l a s t i c  b a g s  on  t o p  o f  t h e  c o u n t e r .  Depending  on  t h e  number o f  

b a g s ,  a  c a s h i e r  o p e r a t o r  may e i t h e r  p a s s  t h e  bag  o v e r  t h e  

c o u n t e r  t o  t h e  c u s t o m e r ,  or  p l a c e  i t  i n t o  a  buggy.  Once t h e  

b a g g i n g  h a s  b e e n  c o m p l e t e d  t h e  c a s h i e r  t a k e s  t h e  money, r i n g s  i n  

t h e  amount received, se lec t s  t h e  c h z n g e ,  and p a s s e s  t h e  m0ne.y 

o v e r  t o  t h e  c u s t o m e r .  The t u r n - s t i l e  i s  o n c e  a g a i n  a c t i v a t e d  t o  

p r o c e s s  t h e  n e x t  c u s t o m e r .  

ES  a r e  r a p i d l y  r e p l a c i n g  TC r e g i s t e r s  d u e  t o  t h e  economic 

a d v a n t a g e s  o f f e r e d  by E S  r e g i s t e r ,  s u c h  a s  f a c i l i t a t i n g  p r o d u c t  

o r d e r i n g ,  r e d u c i n g  i n v o i c i n g  e r r o r ,  e x e r c i s i n g  g r e a t e r  i n v e n t o r y  

c o n t r o l ,  f a c i l i t a t i n g  s a l e s  a n a l y s i s ,  m o n i t o r i n g  s t o c k  l e v e l s ,  

and s p e e d i n g  up  check -ou t  o p e r a t i o n  ( W i l s o n  -- e t  a l . ,  1 9 8 1 ) .  

P h o t o g r a p h s  26-29 b e a r  e v i d e n c e  t o  t h e  f a c t  t h a t  

c h e c k - s t a n d  d e s i g n s  h a v e  unde rgone  o n l y  min ima l  c h a n g e s  r e l a t i v e  

t o  c a s h  r e g i s t e r  t e c h n o l o g y .  The small  i n c r e m e n t a l  c h a n g e s  i n  

d e s i g n ,  combined w i t h  p r o g r e s s i v e  i n n o v a t i o n s  i n  r e g i s t e r  

t e c h n o l o g y  and work m e t h o d s ,  may c o n t r i b u t e  t o  t h e  h e a l t h  

p r o b l e m s  o f  c a s h i e r  o p e r a t o r s  a n d ,  f u r t h e r m o r e ,  d o  n o t  a l l o w  f o r  

- o p t i m i z i n g  work e f f i c i e n c y .  



I V .  THE STUDY 

The p u r p o s e  o f  t h i s  s t u d y  is t o  examine  w h e t h e r  t h e r e  a r e  

d i f f e r e n c e s  i n  c a s h i e r  h e a l t h  c o m p l a i n t s  i n  r e l a t i o n  t o  c h e c k i n g  

s y s t e m  ( T C  v s  E S )  and work  method  (P+B v s  P-B) , and  t o  t es t  

w h e t h e r  t h e r e  is  a n  i n t e r a c t i o n  b e t w e e n  t h e  c a s h  r e g i s t e r  and 

work method f a c t o r s .  

E l e c t r o n i c  s c a n n i n g  emp loys  b o t h  h a n d s  a 1  t e r n a t e l y  , t o  move 

p r o d u c t s  a c r o s s  a s c a n n i n g  window. T h e o r e t i c a l l y ,  ES c a s h i e r s  

s h o u l d  e x p e r i e n c e  f e w e r  h e a l t h  i m p a i r m e n t s  i n  t h e  r i g h t  s h o u l d e r  

and  arm t h a n  c a s h i e r  o p e r a t o r s  u s i n g  T C .  > s i m i l a r  h y p o t h e s i s  

c a n  b e  f o r m u l a t e d  f o r  work me thod .  P+E o p e r a t o r s  s h o u l d  

e x p e r i e n c e  more b a c k  p r o b l e m s  t h a n  P-E o p e r a t o r s ,  d u e  t o  t h e  

c o n t i n u e d  b e n t  o v e r  p o s t u r e  employed  i n  t h e  f o r m e r  s y s t e m  

( P h o t o s  27  and 2 9 ) .  

O n  t h e  o t h e r  h a n d ,  t h e r e  may b e  no  s t a t i s t i c a l l y  

s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  d i s t r i b u t i o n  o f  m u s c u l o - s k e l e t a l  

d i s c o m f o r t s / p a i n ,  b a s e d  o n  w o r k s t a t i o n  l a y o u t ,  be tween  t h e  

c o m p a r i s o n  g r o u p s .  A s  n o t e d  i n  t h e  f i r s t  s t u d y  ( S e c t i o n  B ) ,  t h e  

r e a s o n  may b e  t h a t  t h e  l a c k  o f  c h a n g e  i n  c h e c k - s t a n d  d e s i g n ,  

combined w i t h  p r o g r e s s i v e  i n n o v a t i o n s  i n  work m e t h o d s ,  i s  t h e  

c a u s e  o f  h e a l t h  c o m p l a i n t s  o f  c a s h i e r  o p e r a t o r s .  

Depending  o n  wh ich  o f  t h e -  a b o v e  t h e o r i e s  i s  s u p p o r t e d  i n  

t h e  q u e s t i o n n a i r e  a n a l y s i s ,  i t  s h o u l d  b e  p o s s i b l e  t o  e x p l a i n  t h e  

' r e ' s u l t s  t h r o u g h  t h e  a n a l y s i s  o f  t h e  t a s k  and t h e  v a r i o u s  

p o s t u r e s  a d o p t e d  i n  t h e  work p r o c e d u r e .  I n  o t h e r  w o r d s ,  i f  p a i n  

i n  t h e  l o w e r  l i m b s  is  i d e n t i f i e d  w i t h  a p a r t i c u 1 a . r  work me thod ,  



i t  may b e  a t t r i b u t e d  t o  s t a t i c  s t a n d i n g  a n d / o r  t a s k  f u n c t i o n  

s u c h  a s  k e y i n g  and b a g g i n g  i n  t h e  same s p o t ,  a l l o w i n g  l i t t l e  

f l e x i b i l i t y  i n  p o s t u r e  v a r i a b i l i t y .  

V.  METHODS 

Q u e s t i o n n a i r e s  

T h i s  s t u d y  r e a n a l y z e d  t h e  q u e s t i o n n a i r e s  c o l l e c t e d  i n ~ S t u d y  

2 ( S e c t i o n  B ) ,  g r o u p i n g  them i n t o  f o u r  g r o u p s  b a s e d  on:  ( i )  c a s h  

r e g i s t e r  ( E S  v s  T C ) ;  and ( i i ) . b a g g i n g  method (P-B v s  P + E ) .  To 

document v a r i a t i o n s  i n  h e a l t h  i m p a i r m e n t s  be tween  t h e  g r o u p s ,  

t h e  q u e s t i o n s  r e l a t e 3  t o  h e a l t h  were  g r o u p e d  i n t o  f i v e  

c a t e g o r i e s :  u p p e r  l i m b  ( 1 5  q u e s t i o n s ) ,  lower l i m b  ( 1 5  

q u e s t i o n s ) ,  b a c k  ( 3  q u e s t i o n s ) ,  p s y c h o l o g i c a l  ( 4  q u e s t i o n s ) ,  and 

a l l  c o m p l a i n t s  combined ( 3 2  q u e s t i o n s ,  e l i m i n a t i n g  d u p l i c a t e  

q u e s t i o n s ) .  One p o i n t  was g i v e n  f o r  e a c h  q u e s t i o n  answered  

a f f i r m a t i v e l y .  S i n c e  some q u e s t i o n n a i r e s  f rom t h e  p r e v i o u s  s t u d y  

had m i s s i n g  d a t a ,  o n l y  s e v e n t y - o n e  q u e s t i o n n a i r e s  were a n a l y z e d .  

Frequency  a n a l y s i s  and  a  2  x 2  a n a l y s i s  o f  v a r i a n c e  f a c t o r i a l  

d e s i g n  ( H u l l  and N i e ,  1 9 7 9 )  was used t o  a n a l y z e  t h e  d a t a  

o b t a i n e d  f rom t h e  s t u d y .  



Photographs  26. Key ing  and bagg ing  i n  one c o n t i o u s  
m o t i o n  (T-C:P+B). 

Pho tog raph  27.  K e y i n g  f o i l  owed by bagg i  ng  (T-C : P - B )  . 
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P h o t o g r a p h  28. S c a n n i n g  a n d  b a g g i n g  i n  o n e  c o n t i n o u s  
m o t i o n  (ES:P+B).  

P h o t o g r a p h  29. S c a n n i n g  f o l  1 owed by b a g g i n g  (ES : P-B) . 



P o s t u r e  and  T a s k  A n a l y s i s  -- 

To a n a l y z e  t h e  v a r i o u s  t a s k s  and p o s t u r e s  t h a t  may b e  

c o n t r i b u t i n g  t o  t h e  h e a l t h  c o m p l a i n t s  o f  c a s h i e r  o p e r a t o r s ,  30 

m i n u t e  v i d e o  r e c o r d i n g s  o f  s i x  f e m a l e s  i n  good h e a l t h  and 

employed a s  c a s h i e r  o p e r a t o r s  f o r  more t h a n  a y e a r  were c a r r i e d  

o u t  d u r i n g  no rma l  work o p e r a t i o n s .  R e c o r d i n g s  o f  t h r e e  c h e c k e r s  

u s i n g  t h e  TC:P+B s y s t e m  ( S a f e w a y ) ,  and o f  t h r e e  c h e c k e r s  u s i n g  

t h e  ES:P-B s y s t e m  ( S u p e r  V a l u ) ,  w e r e  r e c o r d e d  on  a  Tuesday  and 

Kednesday morn ing  r e s p e c t i v e l y .  

The r e a s o n s  t h e s e  c a s h i e r i n g  o p e r a t i o n s  were c h o s e n  a r e :  

1. t h e s e  s t o r e s  had p a r t i c i p a t e d  i n  t h e  p r e v i o u s  s t u d y  

( S e c t i o n  B ) ;  

2 .  i n i t i a l  q u e s t i o n n a i r e  a n a l y s i s  e s t a b l i s h e d  no i n t e r a c t i o n  

be tween  t h e  t y p e  o f  -cash  r e g i s t e r  u sed  and work method 

employed i n  a f f e c t i n g  h e a l t h  c o m p l a i n t s ;  

3 .  f u n d i n g  was l i m i t e d  and h e n c e  t o  g a i n  t h e  b r o a d e s t  

u n d e r s t a n d i n g  o f  t h e  p rob lem f o u r  d i f f e r e n t  v a r i a b l e s  were  

s t u d i e d :  TC, E S ,  P-B and P+B. 

V ideo  r e c o r d i n g s  were  a n a l y z e d  b a s e d  on: ( i )  a c t i v i t y  

s a m p l i n g  i n  1 0  sec. i n t e r v a l s  f o r  b a s i c  work a c t i v i t i e s :  

s c a n n i n g ,  k e y i n g ,  r e a c h i n g ,  b a g g i n g ,  money t r a n s a c t i o n ,  

t r a n s i t i o n ,  and  l i f t i n g  bag;  and ( i i )  mult i -moment  s a m p l i n g  i n  

1 0  s e c .  i n t e r v a l s  f o r  b a s i c  work p o s t u r e s :  head  b e n t  f o r w a r d  o r  

s t r a i g h t ;  b a c k  s t r a i g h t ,  s l i g h t l y  b e n t  ( 1 0  d e g r e e s ) ,  e x c e s s i v e l y  

b e n t  (60-90 d e g r e e s )  or  t w i s t e d ;  and a rms  ( r i g h t ,  l e f t ,  b o t h )  

u n d e r  l o a d .  



VI. RESULTS 

Q u e s t i o n n a i r e s  

The s e v e n t y - o n e  q u e s t i o n n a i r e s  a n a l y z e d  were g r o u p e d  i n t o  

t h e  f o l l o w i n g  w o r k  m e t h o d s :  

Kork Method 

E S  : P-B 

ES : P + B  

TC : P+B 

TC : P-B 

TCTAL 

% o f  T o t a l  - - 

The h i s t o g r a m s  i n  F i g u r e s  11 t o  1 5  r e p o r t  t h e  p e r c e n t a g e  o f  

c a s h i e r  o p e r a t o r s  r e p o r t i n g  h e a l t h  c o m p l a i n t s  r e l a t e d  t o  b o d y  

p a r t  and  work  m e t h o d  u s e d .  The r e s u l t s  i n d i c a t e  t h a t  c a s h i e r  

o p e r a t o r s  u s i n g  t h e  P+B work  method  h a d  more u p p e r  l i m b  p r o b l e m s  

( F i g u r e  l l ) ,  lower l i m b  p r o b l e m s  ( F i g u r e  1 2 ) ,  a n d  e v e r - a l l  

symptoms ( F i g u r e  1 5 ) ,  t h a n  o p e r a t o r s  u s i n g  t h e  P-E s y s t e m .  T h e r e  

a r e  n o  c o n s i s t e n t  r e l a t i o n s h i p s  b e t w e e n  c a s h  r e g i s t e r  d e s i g n  

(TC; E S )  a n d  h e a l t h  c o m p l a i n t s .  T h e s e  r e s u l t s  s u g g e s t  t h a t  t h e  

b a g g i n g  m e t h o d  may b e  a p r i m a r y  f a c t o r  c o n t r i b u t i n g  t o  t h e  



h e a l t h  p r o b l e m s  o f  c a s h i e r  o p e r a t o r s .  R e g a r d l e s s  o f  which sys t em 

was i n  u s e ,  c a s h i e r  o p e r a t o r s  r e p o r t e d  a  h i g h  i n c i d e n c e  o f  back 

p a i n  ( F i g u r e  1 3 )  and p s y c h o l o g i c a l  symptoms ( F i u r e  1 4 ) .  

For t h e  v a r i o u s  symptom c e t e g o r i e s ,  r e g r o u p i n g  t h e  

q u e s t i o n n a i r e s  t o  examine  t h e  i n d i v i d u a l  e f f e c t s  o f  c a s h  

r e g i s t e r  o r  b a g g i n g  method on h e a l t h  p r o b l e m s  e s t a b l i s h e d  no 

s i g n i f i c a n t  d i f f e r e n c e s  f o r  c a s h  r e g i s t e r s .  However,  

s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  were o b s e r v e d  be tween  

bagg ing  m e t h o d s ,  r e l a t i v e  t o  lower l i m b  and a l l  symptoms 

combined ( T a b l e  1 6 ) .  

P o s t u r e  and T a s k  A n a l y s i s  -- 

The number o f  o b s e r v a t i o n s ,  i t e m s ,  and b a g s  p e r  c u s t o m e r  

a r e  c o m p a r a b l e  f o r  t h e  ES:P-E and TC:P+B t a s k s  ( T a b l e  1 7 ) .  

P o s t u r e  and t a s k  a n a l y s e s  a r e  r e p o r t e d  i n  t h e  form of  

f r e q u e n c y  b a r  c h a r t s  i n  F i g u r e s  15 and 1 7 .  P o s t u r a l  a n a l y s i s  

( F i g u r e  1 6 )  i n d i c a t e s  t h a t  c a s h i e r  o p e r a t o r s  u s i n g  t h e  TC:P+B 

sys t em show a  h i g h e r  p e r c e n t a g e  o f  b e n d i n g  t h e i r  h e a d ,  bending  

and t w i s t i n g  t h e i r  t o r s o ,  and h a v i n g  t h e i r  a rms  engaged  i n  a 

l o a d e d  a c t i v i t y .  Task  a n a l y s i s  ( F i g u r e  1 7 )  i n d i c a t e s  t h a t  t h e  

a c t i o n  o f  s c a n n i n g  o r  p r i c i n g  t h e  i t e m s  i n v o l v e s  a b o u t  3 0  p e r  

c e n t  o f  t h e  c a s h i e r s '  work ing  t i m e ,  fo r  e i t h e r  s y s t e m .  The t i m e  

s p e n t  i n  t r a . n s i t i o n  a c c o u n t s  f o r  a n o t h e r  33  p e r c e n t  o f  a  

t ouch -check ing  o p e r a t o r ' s  t i m e ,  w h i l e  o n l y  1 5  p e r  c e n t  i n  t h e  

c a s e  o f  s c a n n i n g  o p e r a t i o n s .  The s h o r t  t i m e  s p e n t  k e y i n g  (11%) 



i n  ES:P-B r e f l e c t s  t h e  n a t u r e  o f  t h e  s y s t e m .  S i m i l a r l y ,  t h e  

number o f  t i m e s  a  c a s h i e r  o p e r a t o r  was o b s e r v e d  b a g g i n g  was 

s l i g h t l y  h i g h e r  i n  ES:P-B, s i n c e  b a g g i n g  t o o k  p l a c e  a f t e r  a l l  

i t e m s  had been  s c a n n e d ,  r a t h e r  t h a n  be tween  k e y i n g  a c t i v i t i e s  as  

i n  t h e  TC:P+B s y s t e m .  



T a b l e  1 6 :  F n a l y s i s  o f  v a r i a n c e  summary f o r  g r o u p e d  

h e a l t h  symptoms - -  a s  a f u n c t i o n  - o f  b a g g i n g  method 

Obse rved  Means Mean F 

Symptom Group  P+B P-B S q u a r e  V a l u e  

Upper  l i m b  1 . 1 5  0 .84 

Lower 1 imb 1 . 4 6  1 . 0 3  

1 

Back p a i n  1 . 2 9  1 . 4 1  

P s y c h o l o g i c a l  1 . 7 1  1 . 5 2  

A 1 1  symptoms 1 . 9 3  1 . 4 5  

N o t e  d f = l  f o r  b a g g i n g  me thod ;  d f = 6 4  f o r  w i t h i n .  *p<0 .05  



Table - 17: Workstation Task  Characteristics. 

ES :P-B 
Number of observations 411 

Number of customers 51 

Number of items 

Number of bags - 

Number observations/customer 8.1 

Number items/customer 14.4 

Number bags/customer 1 .G 



Figure 11: Percentage of cashier operators 
reporting upper limb symptoms 

by check-stand design 

Presence of Symptoms 



Figure 12: Percentage of cashier operators 
orting lower limb symptoms 
by check-stand design 
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Figure 13: Percentage of cashier operators 
reporting back symptoms 

by check-stand design 
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Figure 14: Percentage of cashier operators 
reporting psychological symptbms 

by check-stand design 
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Figure 15: Percentage of cashier operators 
reporting symptoms by check-stand desian 

10 or less 11 or more 
Number of Symptoms 
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Figure 16: Posture Analysis of cashier operators 
Using the TC:P+B vs ES:P-B Work Stations - 

ES:P-B=411 observations 
TC:P+B=595 observations 
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Figure 17: Task Analysis of cashier operafws 
Using the TC:P+B vs ESP-B Work Stations 

ES:P-B=411 observations=100% 
TC:P+B=595 observafions=100% 

( Legend / 

Type of Task 

135 



VII. DISCUSSION 

The d e f i n i t i o n  o f  good  p o s t u r e  h a s  b e e n  s u m h a r i s e d  by  

W i n t e r s  ( 1 9 5 2 )  a s  'The  a l i g n m e n t  w h i c h  permits  t h e  

m u s c u l o - s k e l e t a l  s y s t e m  t o  f u n c t i o n  m o s t  e f f i c i e n t l y  when 

s t a n d i n g ,  is  o n e  i n  w h i c h  t h e  body  s e g m e n t s  a r e  s u p e r i m p o s e d  

upon e a c h  o t h e r  i n  a v e r t i c a l  c o l u m n ,  so t h a t  t h e  w e i g h t  i s  

c e n t e r e d  a t  t h e  g r a v i t a l  l i n e  w h i c h  i n  t u r n  passes t h r o u g h  . t h e  

c e n t e r  o f  t h e  b a s e  o f  s u p p o r t . . . ' .  U n f c r t u n a t e l y ,  body  p o s t u r e s  

which  work ing  p e o p l e  o f t e n  a s sume  d u r i n g  t h e i r  o c c u p a t i o n a l  

a c t i v i t i e s  impose  i n a p p r o p r i a t e  s e g m e n t  s p e c i f i c  l o a d s ,  w i t h  

r e s u l t a n t  p s y c h o - p h y s i c a l  stress and  p r o t y p i c a l  a d z p t a t i o n  

r e a c t i o n s  ( e . g . ,  " I ' m  u s e d  t o  i t " ) ,  a n d / o r  e v e n  r e d u c e d  

f u n c t i o n i n g  ( s u c h  a s  f a t i g u e  o r  i n j u r y ) .  The c o s t  o f  a p o o r l y  

d e s i g n e d  w o r k s t a t i o n  wh ich  c o m m i t s  t h e  body  t o  a p o o r  p o s t u r a l  

d i s p o s i t i o n  i n c l u d e s :  

i) i n j u r i e s  and s t r a i n s ;  

i i )  i n c r e a s e d  f a t i g u e ;  

i ii) g r e a t e r  p o s s i b i l i t y  o f  a c c i d e n t s ;  a n d / o r  

i v )  g r e a t e r  p r o b a b i l i t y  o f  e r ror .  

Upper Limb F i n d i n g s  

S i m i l a r  t o  f i n d i n g s  i n  J a p a n  ( O h a r a  -- e t  a l . ,  1 9 7 6 )  ( w h e r e  

m e c h a n i c a l  c a s h  r e g i s t e r s  were r e p l a c e d  w i t h  e l e c t r o n i c  c a s h  

r e g i s t e r s  which  r e q u i r e  less k e y - f o r c e  d e p r e s s i o n ) ,  t h i s  s t u d y  

found  t h a t  u p p e r  l i m b  p r o b l e m s  a m o n g s t  c a s h i e r  o p e r a t o r s  h a v e  

n o t  b e e n  r e d u c e d  w i t h  t h e  i n t r o d u c t i o n  o f  e l e c t r o n i c  s c a n n e r s .  



However, i n  t h e  c a s e  o f  u p p e r  l i m b  symptoms, t h e  b a g g i n g  method 

seems t o  h a v e  t h e  g r e a t e s t  i m p a c t  o n  t h e  number of p r o b l e m s  

r e p o r t e d ,  r e g a r d l e s s  of c a s h  r e g i s t e r  u sed  ( F i g u r e  11). The work 

method o f  p r o c e s s i n g  a r t i c l e s  and  b a g g i n g  i n  o n e  c o n t i n u o u s  

mot ion  imposes  a c o n s i d e r a b l e  p h y s i c a l  b u r d e n  o n  t h e  u p p e r  body 

t h r o u g h  t h e  h e i g h t  d i f f e r e n c e s  be tween  t h e  l e f t  and  r i g h t  t a s k  

components  ( c a s h  r e g i s t e r  o r  s c a n n e r  h e i g h t  v s  b a g - w e l l  h e i g h t ) .  

C o n t i n u a l l y  e x t e n d i n g  t h e  hand away f rom t h e  body i n c r e a s e s  t h e  

t o r q u e  i n  t h e  s h o u l d e r  d u e  t o  t h e  arm w e i g h t ,  s h o r t e n s  t h e  

a c t i v e  d e l t o i d  m u s c l e  and  i n  t u r n  r e d u c e s  p h y s i o l o g i c a l  

e f f i c i e n c y ,  w i t h  c o n c o m i t a n t  u p p e r  arm ( b i c e p s )  m u s c l e  f a t i g u e  

( C h a f f i n ,  1 9 7 3 ) .  

F i g u r e  1 6  d e m o n s t r a t e s  t h a t  c a s h i e r  o p e r a t o r s  u s i n g  TC:P+E 

method zssumed b e n t - o v e r  p o s t u r e s  f o r  l o n g e r  p e r i o d s  o f  t i m e  

d u r i n g  t h e  work d a y .  Zne  of t h e  conrnonest  c o m p l a i n t s  i n  bench  

t y p e  o p e r a t i o n s  is n e c k  and  u p p e r  b a c k  d i s c o m f o r t .  T h i s  i s  o f t e n  

due  t o  w o r k p l a c e  l a y o u t  r e q u i r i n g  t h e  p e r s o n  t o  h o l d  t h e i r  head  

t i l t e d  f o r w a r d  t o  v i s u a l i z e  t h e i r  work.  T i l t i n g  t h e  head  more 

t h a n  30  d e g r e e s  g r e a t l y  i n c r e a s e s  t h e  n e c k  e x t e n s o r  f a t i g u e  

r a t e s .  I t  a l s o  h a s  b e e n  n o t e d  t h a t  t h i s  h i g h  f o r w a r d  t i l t  

i n c r e a s e s  v e r t i c a l  s p i n e  c o m p r e s s i o n  ( T i c h a u e r ,  1 9 6 8 ) .  

M a i n t a i n i n g  a  s e m i - b e n t  p o s t u r e  f o r  b a g g i n g  n e c e s s i t a t e s  a  

f o r c e d  s t a t i c  work p o s t u r e  which  c a n  c a u s e  s t r e s s e d  back  and 

neck  m u s c l e s  a s  w e l l  as s h o u l d e r  and u p p e r  arm f a t i g u e .  

S t a t i c  work i s  c h a r a c t e r i z e d  by s u s t a i n e d  e x e r t i o n  o f  

s p e c i f i c  m u s c l e  g r o u p s .  D u r i n g  m o d e r a t e  t o  h e a v y  c o n t r a c t i o n s  



b lood  f l o w  is r e d u c e d  and m e t a b o l i t e s  a c c u m u l a t e ,  r e s u l t i n g  i n  

l o c a l i z e d  m u s c l e  p a i n  i n  t h e  m u s c l e  ( C h a f f i n ,  1 9 7 3 ) .  Musc le  

f a t i g u e  is m a n i f e s t e d  n o t  o n l y  a s  s i m p l e  p a i n ,  b u t  a l s o  i n  terms 

o f  o t h e r  c h a n g e s  s u c h  a s  d e c r e a s e d  a b i l i t y  o f  t h e  m u s c l e s  t o  

r e l a x  and c o n t r a c t ,  d e c r e a s e d  m u s c u l a r  c o - o r d i n a t i o n ,  d e c r e a s e d  

r e g i o n a l  b l o o d  s u p p l y  t o  t h e  m u s c l e s ,  and e l e v a t i o n  o f  t h e  

a r t e r i a l  p r e s s u r e  ( G u n d a r e v a ,  1 9 7 8 ) .  

Reasons  wh ich  may e x p l a i n  why ES:P+B o p e r a t o r s  r e p o r t e d  t h e  

h i g h e s t  number o f  u p p e r  l i m b  symptoms ( F i g u r e  11) a r e :  1) t h e  ES  

w o r k s t a t i o n  u s u a l l y  r e q u i r e s  g r e a t e r  r e a c h e s  wh ich  i n c r e a s e  

p h y s i c a l  r e q u i r e m e n t s  s u b s t a - n t i a l l y ;  2 )  s c a n n i n g  i n c r e a s e s  

p h y s i c a l  i t e m  h a n d l i n g ,  e l i m i n a t i n g  t h e  t r a d i t i o n a l  way o f  u s i n g  

o n l y  t h e  l e f t  hand  f o r  moving i t e m s ;  3 )  i n c r e a s e d  work r a t e s ;  

and 4 )  t h e  n e e d  f o r  c o n s t a n t l y  o r i e n t a t i n g  t h e  g r o c e r y  i t e m s  f o r  

t h e  s c a n n e r  t o  r e a d  t h e  UPC c o d e ,  which  i n v c l v e s  e x t e n s i v e  w r i s t  

f l e x i o n ,  e x t e n s i o n ,  and  r o t a t i o n .  The UPC symbol  g u i d e l i n e s  

recommend t h e  symbo l s  t o  b e  l o c a t e d  on  t h e  n a t u r a l  b o t t o m  o f  a n  

i t e m .  I n  p r a c t i c e ,  less  t h a n  50% o f  t h e  i t e m s  may h a v e  t h e  

symbol i n  t h a t  l o c a t i o n  ( I B M ,  1 9 8 1 ) .  

Lcwer Limb F i n d i n g s  

Q u e s t i o n n a i r e  a n a l y s i s  h a s  i d e n t i f i e d  lower l i m b  p r o b l e m s  

t o  b e  more s i g n i f i c a n t  i n  c h e c k - s t a n d s  employ ing  t h e  P+B work 

method ( F i g u r e  1 3 ) .  Lower l i m b  p o s t u r e s  c o u l d  n o t  b e  v e r i f i e d  by 

t h e  p o s t u r e  a n a l y s i s ,  s i n c e  t h e  l e g s  were n o t  v i s i b l e  t o  t h e  

camera .  However,  t h e  a b o v e  a n a l y s i s  s t r o n g l y  s u g g e s t s  t h a t  t h e  

s t a t i c  s t a n d i n g  p o s t u r e s  assumed d u r i n g  p r i c i n g  and  b a g g i n g  a r e  



t h e  p r i m a r y  c a u s e  f o r  lower l i m b  p r o b l e m s .  The work method of 

p r i c i n g  f o l l o w e d  by  b a g g i n g  p r o v i d e s  g r e a t e r  o p p o r t u n i t y  f o r  

w a l k i n g  d u r i n g  t h e  b a g g i n g  p h z s e ,  wh ich  may b e  d o n e  e i t h e r  f r o m  

i n s i d e  t h e  d e s i g n a t e d  work a r e a  or  b y  moving o u t  and a round  t o  

t h e  end  o f  t h e  c o u n t e r .  

P r o l o n g e d  s t a n d i n g  h a s  i t s  g r e a t e s t  e f f e c t  o n  t h e  s k e l e t a l  

and c i r c u l a t o r y  s y s t e m ,  w i t h  s a l e s  c l e r k s  r e p o r t i n g  t h e  g r e a t e s t  

number o f  p a i n  symptoms when compared t o  o t h e r  o c c u p a t i o n s  

( G r a n d j e a n  -- e t  a l . ,  1 9 6 8 ) .  The p r i m a r y  s k e l e t a l  a r e a s  a f f e c t e d  

a r e  t h e  s p i n a l  column,  s h o u l d e r  g i r d l e ,  and  f e e t ,  w h e r e a s  t h e  

venous  s y s t e m  i n  t h e  l e g s  i s  t h e  mos t  a f f e c t e d  c i r c u l a t o r y  

s y s t e m  component .  R e l a t i v e  t o  s i t t i n g  o r  p r o n e  p o s t u r e s ,  h e a r t  

r a t e  i s  i n c r e a s e d ,  c a r d i a c  o u t p u t  i s  d e c r e a s e d ,  and e n e r g y  

r e q u i r e m e n t s  a r e  i n c r e a s e d  by 2 0  - 3 0 %  i n  a s t a n d i n g  p o s t u r e .  

K in ima l  dynamic m u s c l e  a c t i v i t y  i n  t h e  l e g s  o b s t r u c t s  s u f f i c i e n t  

venous  r e t u r n .  T h i s  l e a d s  t o  v a r i c o s e s ,  e s p e c i a l l y  i n  

s u s c e p t i b l e  i n d i v i d u a l s ,  and u s u a l l y  e x a c e r b a t e s  f e e t  p a i n .  F e e t  

p a i n  is  c a u s e d  by g r a d u a l  c o m p r e s s i o n  o f  t h e  t i s s u e s  w i t h i n  t h e  

s o l e s  o f  t h e  f e e t ,  r e d u c i n g  t h e  s h o c k - a b s o r b i n g  a b i l i t y  o f  t h e  

n a t u r a l  f i b r o - f a t t y  p a d d i n g  b e n e a t h  t h e  h e e l s  and  m e t a t a r s a l  

h e a d s  ( T u r v e y ,  1 9 7 0 ) .  T h i s  l o s s  i n  c u s h i o n i n g  i r r i t a t e s  t h e  

p r e s s u r e  e n d i n g s  i n  t h e  f e e t .  A d d i t i o n a l  o v e r s t r a i n  may make 

i t s e l f  n o t i c e a b l e  i n  t h e  c o n d i t i o n  f r e q u e n t l y  r e f e r r e d  t o  a s  

' f l a t  f o o t ' ,  wh ich  r e s u l t s  from los s  o f  " s p r i n g i n e s s "  i n  t h e  

a r c h  d u e  t o  s t r e t c h i n g  o f  t h e  a r c h  l i g a m e n t s .  



A l l  o f  t h e s e  c o n s i d e r a t i o n s  s u g g e s t  t h a t  s t a n d i n g  f o r  a n y  

l e n g t h  o f  t i m e  s h o u l d  b e  k e p t  t o  a minimum. s t a n d i n g  i n c r e a s e s  

l o w e r  l i m b  h y d r o s t a t i c  p r e s s u r e ,  r e d u c e s  v e n o u s  pump a c t i v i t y ,  

and i n c r e a s e s  l e g  vo lume ( e d e m a )  b y  4.5%, w h e r e a s  o c c u p a t i o n s  

r e q u i r i n g  w a l k i n g  65% and  s i t t i n g  35% o f  t h e  t i m e  e x h i b i t  

c o n s i d e r a b l y  r e d u c e d  l e g  edema ( D u p u i s  e t  a l . ,  1 9 8 0 ) .  

Low Back P a i n  --- 
F e g a r d l e s s  o f  w h i c h  w o r k s t a t i o n  and work method was  

a p p l i e d ,  a l l  ~ p e r a t o r s  e x p e r i e n c e d  l o w  back  p a i n  ( ~ i g u r e  1 3 ) .  

P o s t u r e  a n a l y s i s  shows  t h a t  t h e  head  and b a c k  were b e n t  more 

f r e q u e n t l y  i n  o p e r a t o r s  u s i n g  t h e  TC:P+B c h e c k - s t e n d .  The 

r e a s o n s  f o r  a  b e n t  h e a d  a re  s e v e r a l :  1) t o  r e a d  t h e  p r i c e  l a b e l  

o n  a n  a r t i c l e ;  2 )  t o  r e a d  t h e  d i s p l a y  p r i n t e r  ( l o c a t e d  a t  u p p e r  

arm h e i g h t )  ; and 3 )  t o  b a g  t h e  a r t i c l e s  a t  a b a g - w e l l  h e i g h t  o f  

4 7  cn,  n e c e s s i t a t i n g  a f l e x e d  p o s t u r e .  

The f l e x e d  p o s i t i o n  l e a d s  t o  a r e d u c t i o n  i n  c e r v i c a l  and  

l u m b a r  l o r d o s i s .  Even s l i g h t  to rso  i n c l i n a t i o n s  o f  20 d e g r e e s  

f o r w a r d  o f  t h e  v e r t i c a l  c a u s e  t h e  n e c k  t o  b e  f l e x e d ,  r e s u l t i n g  

i n  a f o r w a r d  d i s p l a c e m e n t  o f  t h e  head  ( D a v i s ,  1 9 6 7 ) .  T h e s e  t w o  

e f f e c t s  c o n s i d e r a b l y  l e n g t h e n  t h e  l e v e r  arm on  which  t h e  w e i g h t  

o f  t h e  u p p e r  body  a c t s ,  and  i n c r e a s e  t h e  moment wh ich  t h e  

m u s c l e s  c o n t r o l l i n g  s p i n a l  f l e x i o n  mus t  d e v e l o p ,  t h e r e b y  

s t r e s s i n g  t h e  lower b a c k  (Kumar and S c a i f e ,  1 9 7 9 ) .  Even i n  

s l i g h t  f l e x i o n  r e p e a t e d  l i f t i n g  c o u l d  p o s s i b l y  c a u s e  f a t i g u e  

damage t o  t h e  o s t e o l i g a m e n t o u s  s p i n e  (&dams and  H u t t o n ,  1 9 8 1 ) .  



Workers  e x p o s e d  t o  e x c e s s i v e  manual  h a n d l i n g  t a s k s ,  s u c h  a s  

l i f t i n g ,  l o w e r i n g ,  or p u s h i n g ,  p u l l i n g  and c a r r y i n g ,  were t h r e e  

t i m e s  more s u s c e p t i b l e  t o  compensab le  l o w  b a c k  i n j u r y  (Snook e t  - 
a l . ,  1 9 7 8 ) .  L i f t i n g  is t h e  a c t i v i t y  m o s t  f r e q u e n t l y  (37 -49%)  - 

a s s o c i a t e d  w i t h  t h e  o n s e t  o f  l c w  b a c k  symptoms. O t h e r  a c t i v i t i e s  

t h a t  a r e  commonly a s s o c i a t e d  w i t h  t h e  o n s e t  o f  l o w  back  symptoms 

a r e  b e n d i n g  ( 1 2  - 1 4 % ) ,  t w i s t i n g  ( 9  - 1 8 % )  and f a l l i n g  o r  

s l i p p i n g  ( 7  - 1 3 % )  ( S n o o k ,  1 9 8 2 ) .  I n d u s t r i a l  l i f t i n g  t a s k s  

r e q u i r i n g  b e n d i n g  wh ich  s t a r t  be low a  h e i g h t  o f  76 c m  ( 3 0  

i n c h e s )  a r e  a s s o c i a t e d  w i t h  78% o f  t h e  l i f t i n g  i n j u r i e s  (Snook 

e t  a l . ,  1 9 7 8 ) .  The a n n u a l  r a t e  o f  l o w  back  p a i n  v a r i e s  -- 
c o n s i d e r a b l y  among d i f f e r e n t  i n d u s t r i e s .  R e c e n t l y  c o m p i l e d  d a t a  

by  t h e  S t a t e  o f  C a l i f o r n i a  ( C a l i f o r n i a ,  19CO),  f o r  d i s a b l i n g  

back  s t r a i n s  p e r  100  w ~ r k e r s ,  showed t h a t  t h e  a v e r a g e  f o r  a l l  

i n d u s t r i e s  

c l a s s i f i e d  

- 1 . 4 9 % ) .  

A l t h o  

a s  0 . 7 8 % ,  w h e r e a s  t h e  r a t e  f o r  f o o d  s t o r e s  was 1 . 4 4 % ,  

w i t h  o t h e r  i n d u s t r i e s  u n d e r  a  h i g h  a n n u a l  r a t e  (1 .00  

~ g h  t h e  t a s k  a n a l y s i s  i n  t h i s  s t u d y  i n d i c a t e s  t h a t  

c a s h i e r  o p e r a t o r s  u s i n g  ES:P-B r e q u i r e  more b a g g i n g  t i m e  t h a n  

TC:P+B o p e r a t o r s ,  t h i s  p r o b a b l y  i s  n o t  t h e  c a s e .  Throughou t  t h e  

k e y i n g  e n t r y  a c t i v i t y ,  TC:P+B c a s h i e r  o p e r a t o r s  were b a g g i n g  

be tween  k e y  e n t r i e s ,  i n  a d d i t i o n  t o  b a g g i n g  doub le -handed  t h e  

i t e m s  p u t  a s i d e  f o r  t h e  end .  I n c r e a s e d  b a g g i n g  a c t i v i t y  may have  

b e e n  documented  had  t h e  s a m p l i n g  i n t e r v a l s  u s e d  i n  t h e  t a s k  

a n a l y s i s  b e e n  s h o r t e r .  I n  ES t a s k  a n a l y s i s ,  b a g g i n g  was o b s e r v e d  

a s  a  s i n g l e  a c t i v i t y .  The main  d i f f e r e n c e  b e t w e e n  t h e  t w o  



methods ,  however ,  is  t h a t  most of ES b a g g i n g  t o o k  p l a c e  a t  a  

h e i g h t  o f  92 c m ,  w h e r e a s  TC b a g g i n g  o c c u r r e d  a t  a  h e i g h t  o f  

48cm, n e c e s s i t a t i n g  a  s t o o p e d  p o s t u r e .  O c c a s s i o n a l l y  o p e r a t o r s  

u s i n g  e i t h e r  b a g g i n g  method were o b s e r v e d  t w i s t i n g  or t w i s t i n g  

and b e n d i n g .  R e l a t i v e  t o  t h e  i n t r a d i s c a l  p r e s s u r e  o r  l o a d s  i n  

t h e  u p r i g h t  s t a n d i n g  p o s i t i o n ,  p r e s s u r e s  a r e  i n c r e a s e d  by  1 0 0 %  

d u r i n g  f o r w a r d  l e a n i n g  w i t h  w e i g h t  l i f t i n g ,  and by 4 0 0 %  d u r i n g  

f o r w a r d  f l e x i o n  and r o t a t i o n  w i t h  w e i g h t  1 i f  i n g  (Nachemson, 

P s y c h o l o g i c a l  S t r e s s  

A l l  c a s h i e r  o p e r a t o r s  e x p e r i e n c e d  a  h i g h  d e g r e e  o f  f a t i g u e  

and i r r i t a b i l i t y  ( F i g u r e  1 4 )  i n  a l l  c h e c k - s t a n d s .  S t r a s s e r  and 

Muel ler-Limmroth,  ( 1 9 8 2 )  h a v e  a p t l y  d e s c r i b e d  t h e  q u a l i t i e s  a n  

o p e r a t o r  mus t  d i s p l a y ,  and  which  may b e  c o n t r i b u t i n g  t o  t h e  

p s y c h o l o g i c e l  stress r e p o r t e d  i n  t h i s  s t u d y .  P c a s h i e r  mus t  h a v e  

t h e  f o l l o w i n g  a b i l i t i e s :  

1. - manual  d e x t e r i t y  w h i l e  k e y i n g ,  i n  t h e  h a n d l i n g  o f  i tems 

and money m a t t e r s ;  

2 .  - good memory f o r  numbers  and  p e o p l e  and t h e  a b i l i t y  t o  

c o n c e n t r a t e  on p r i c e s ,  number s ,  and  s i g n a l s ;  

3 .  - s e l f - d e p e n d e n c y ,  t i d i n e s s ,  o r g a n i z a t i o n a l  a b i l i t i e s ,  

r e s p o n s i b i l i t y ;  and  

4 .  - t h e  a b i l i t y  t o  i n t e r a c t  w i t h  c u s t o m e r s .  

Above a l l  e lse  t h e  o p e r a t o r  m u s t  b e  f r i e n d l y ,  p o l i t e ,  

d i p l o m a t i c ,  and p o s s e s s  a  h i g h  d e g r e e  o f  s e l f - c o n t r o l .  The 

c a s h i e r  o p e r a t o r  is  u s u a l l y  t h e  o n l y  s t o r e  p e r s o n n e l  t h e  



c u s t o m e r  comes i n t o  c o n t a c t  w i t h .  T h i s  p e r s o n  t o  p e r s o n  c o n t a c t  

is a  c r i t i ca l  p a r t  o f  t h e  c h e c k o u t  p r o c e s s  and  u s u a l l y  l e a v e s  

t h e  c u s t o m e r  w i t h  a n  i m p r e s s i o n  o f  t h e  s tore and  may b e  d e c i s i v e  

a s  t o  w h e t h e r  t h e  c u s t o m e r  w i l l  r e t u r n  o r  n o t  ( S t r a s s e r  and 

Eue l l e r -L immro th ,  1 9 8 2 ) .  E s s e n t i a l l y  t h e  c a s h i e r  o p e r a t o r  i s  t h e  

p u b l i c  r e l a t i o n s  o f f i c e r  o f  t h e  s u p e r m a r k e t  s to re .  C o n s i s t a n t  i n  

a l l  check  s t a n d s  and  work m e t h o d s ,  b o t h  e n v i r o n m e n t a l  and 

p s y c h o l o g i c a l  f a c t o r s  seem t o  b e  c o n t r i b u t i n g  t o  t h e  

p h y s i o l o g i c a l  and b e h a v i o u r a l  c h a n g e s  t a k i n g  p l a c e  i n  c a s h i e r  

o p e r a t o r s  i n  r e s p o n s e  t o  s t r e s s .  S i m i l a r  c h a n g e s  were o b s e r v e d  

by N a r t i n  and c o l l e a g u e s  ( 1 9 8 0 ) ,  i n d i c a t i n g  i n c r e a s e d  i n c i d e n c e  

o f  p h y s i c a l  c o m p l a i n t s  d u e  t o  c o n s t r a i n e d  p o s t u r e s  a s  w e l l  a s  

some c h a n g e s  i n  s a t i s f a c t i o n .  

A l l  Symptoms Combined 

Khen z l l  h e a l t h  c o m p l a i n t s  a r e  combined ,  t h e  work method 

P+B h a s  s i g n i f i c a n t l y  more p r o b l e m s  t h a n  P-B ( F i g u r e  1 2 ) .  T h i s  

i s  p r i m a r i l y  d u e  t o  t h e  o n e - s i d e d  l o a d i n g  o f  t h e  u p p e r  l i m b s ,  

and o p e r a t i n g  i n  a  p e r p e t u a l  f l e x e d  p o s i t i o n  t o  r e a c h  and  bag 

t h e  a r t i c l e s .  Such p o s t u r e s  h a v e  b e e n  i d e n t i f i e d  a s  s t r e s s i n g  

t h e  s h o u l d e r  and neck  m u s c l e s ,  i n c l u d i n g  t h e  lower b a c k .  I n  

a d d i t i o n ,  s t a n d i n g  f o r  l o n g  p e r i o d s  l e a d s  t o  i n c r e a s e d  s t r a i n  o f  

t h e  s k e l e t a l  and c i r c u l z t o r y  s y s t e m ,  l e a d i n g  t o  i n c r e a s e d  

p rob lems  and  i l l n e s s e s  o f  t h e  f e e t  and  l e g s .  I! w o r k s t a t i o n  n o t  

d e s i g n e d  f o r  t h e  human b e i n g  c a n  l e a d  t o  h i g h  r e q u i r e m e n t s  b e i n g  

p l a c e d  on body p o s t u r e ,  movements ,  and m e n t a l  a b i l i t y  (Maeda et 

a l . ,  1980;  T i c h a u e r ,  1 9 7 8 ;  G r a n d j e a n ,  1980;  3 r m s t r o n g  and  - 



L a n g o l f ,  1983 1 . 
The q u a l i t y  o f  p e r f o r m a n c e  o f  a s y s t e m  is  d e t e r m i n e d  i n  

p a r t  by  i ts  ' q u a l i t y  of d e & i g n t  and ' c o n f o r m a n c e '  ( B a i l e y ,  

1 9 8 2 ) .  I f  t h e  q u a l i t y  o f  d e s i g n  is n o t  d e f i n e d  i n  t e r m s  o f  

p o t e n t i a l  u s e r s ,  or  i f  t h e r e  i s  a  l a c k  o f  c o n f o r m a n c e  t o  t h e  

human p e r f o r m a n c e  r e q u i r e m e n t s ,  t h e  q u a l i t y  o f  p e r f o r m a n c e  w i l l  

b e  a d v e r s e l y  a f f e c t e d .  

V I I I .  CONCLUSION 

Ergonomic improvements  i n v o l v i n g  w o r k s t a t i o n  h e i g h t s  and 

l a y o u t ,  and work p r o c e d u r e ,  a r e  n e c e s s a r y  t o  p r e v e n t  l o c a l i z e d  

f a t i g u e  and ill h e a 3 t h  t o  o p e r a t o r s .  p?anual m a t e r i a l s  h a n d l i n g  

j o b s  s h o u l d  be  d e s i g n e d  so t h a t  t a s k  p a c e ,  d i s t a n c e  t r a v e l l e d ,  

o b j e c t  w e i g h t ,  and v e r t i c a l  l i f t  h e i g h t s  a r e  m i n i m i z e d .  

Asymmetr ic  l o a d i n g  of t h e  u p p e r  l i m b s  s h o u l d  b e  a v o i d e d ,  and 

a l s o  c o n t i n u o u s  l o a d i n g  o f  t h e  l e g s .  The d e c i s i v e  f a c t o r  i n  

e a s i n g  t h e  s t r a i n  o f  a  j o b  and  t h e r e b y  m i n i m i z i n g  t h e  demands on  

a  p e r s o n  is t h e  o p p o r t u n i t y  t o  c h a n g e  body p o s i t i o n s .  

The m a j o r  a r e a s  t h a t  need  t o  b e  a d d r e s s e d  i n  f u t u r e  

c h e c k - s t a n d  d e s i g n s  i n c l u d e  u p p e r  l i m b  l o a d i n g ,  r e p e t i t i v e  w r i s t  

f l e x i o n / e x t e n s i o n ,  lower l i m b  symptoms; b a c k  p a i n  symptoms and 

p s y c h o l o g i c a l  stress. T a s k  z n a l y s i s  s u p p o r t s  t h e  t h e o r y  t h a t  P-E? 

i s  a  p r e f e r r e d  work me thod ,  d e c r e a s i n g  t o t a l  t i m e  s p e n t  k e y i n g  

- (memor iz ing  p r i c e s )  and  i n  t r a n s i s t i o n  ( s t a n d i n g  a r o u n d  w a i t i n g  

f o r  t h e  c u s t o m e r  t o  e x t r a c t  t h e  money) ,  t w o  a c t i v i t i e s  which 

have  a  n e g a t i v e  i m p a c t  o n  work e f f i c i e n c y .  



Some t ime-mot ion  s t u d y  e n g i n e e r s  would a r g u e  t h a t  P+B is 

f a s t e r ,  r e q u i r i n g  less t o t a l  t i m e  t o  p r o c e s s  a  c u s t o m e r ,  by  

a v o i d i n g  t h e  d o u b l e  h a n d l i n g  of p r o d u c t s .  However, close 

a n a l y s i s  w i l l  show t h a t  d o u b l e  h a n d l i n g  i n  P+B i s  u n a v o i d a b l e  

d u e  to  t h e  u n s u i t a b l e  s e q u e n c e  i n  which  c u s t o m e r s  un load  t h e i r  

b u g g i e s ,  u s u a l l y  p r e s e n t i n g  s o f t  a r t i c l e s  and  awkward package  

s i z e s  f i r s t .  I n  f a c t ,  d u e  t o  t h e  f a t i g u e  and  h e a l t h  p rob lems  

e x p e r i e n c e d  by  c a s h i e r  o p e r a t o r s  i n  t h e  P+E work s y s t e m ,  i t  i s  

v e r y  c o n c e i v a b l e  t h a t  o v e r a l l  t h i s  i s  a more c o s t l y  c h e c k s t a n d  

h e a l t h w i s e  and  l e s s  e f f i c i e n t  r e q u i r i n g  l o n g e r  p e r i o d s  f o r  
-r' 

I 

p r o c e s s i n g  c u s t o m e r s .  Fecommendat ions  f o r  improv ing  c h e c k s t a n d s  '. I 

i n c l u d e :  

1. t h e  o p p o r t u n i t y  t o  work i n  a v a r i e t y  o f  body p o s t u r e s  which 

r e d u c e  t h e  l o a d  o f  r e p e t i t i v e ,  o n e - s i d e d  a c t i v i t y  and 

e n c o u r a g e  c i r c u l a t o r y  a c t i v i t y ;  

2 .  o c c a s i o n a l  o p p o r t u n i t y  s h o u l d  b e  prov. ided f o r  s i t t i n g  

( t h o u g h  c o n t i n u o u s  s i t t i n g  i s  n o t  a d v i s a b l e ) ;  and 

3 .  r e a c h e s  and h e i g h t s  o f  work s u r f a c e s  s h o u l d  a d h e r e  t o  w e l l  

e s t a b l i s h e d  e rgonomic  p r i n c i p l e s .  

F u r t h e r m o r e ,  t h i s  s t u d y  h a s  d e m o n s t r a t e d  t h a t  b o t h  t a s k  and 

p o s t u r e  a n a l y s i s  a r e  n e c e s s a r y  i n  d e t e r m i n i n g ,  i d e n t i f y i n g ,  and 

t a r g e t i n g  p rob lem a r e a s  which r e q u i r e  e r g c n o m i c  s o l u t i o n s .  I t  i s  

n e c e s s a r y  t o  o b t a i n  a  c o m p r e h e n s i v e  v i ew o f  a s i t u a t i o n ,  

\\.. 
o t h e r w i s e  t h e  wrong p r o b l e m  may b e  a d d r e s s e d .  

- -  
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D. CONCLUSIONS AND RECOMMENDATIONS - STUDIES B AND C 
Summarizing t h e  f i n d i n g s  o f  s t u d y  B i n d i c a t e s  t h a t  p r e s e n t  

c h e c k s t a n d s  a r e  n o t  d e s i g n e d  i n  c o n s i d e r a t i o n  o f  e i t h e r :  (1) 

e rgonomic  p r i n c i p l e s ,  s u c h  a s  l i m i t i n g  arm r e a c h e s  t o  4 4  c m  and 

k e e p i n g  work s u r f a c e  h e i g h t s  a t  or  s l i g h t l y  be low e lbow h e i g h t ;  

o r  ( 2 )  a n t h r o p o m e t r i c  m e a s u r e s  o f  c a s h i e r  o p e r a t o r s .  U s u a l l y  

work p a t t e r n s  i n c l u d e d  e x c e s s i v e  r e a c h e s  and  work ing  above  elbow 

h e i g h t .  Q u e s t i o n n a i r e  r e s p o n s e s  i d e n t i f i e d  t h e  f o l l o w i n g  

p rob lems  amongs t  r e s p o n d e n t s :  

Headaches  

Neck p a i n  

S h o u l d e r  p a i n  

A r m  p a i n  

Krist p a i n  

Low back  p a i n  

Leg s w e l l i n g  

H i p  p a i n  

Th igh  p a i n  ( R )  

F e e t  p a i n  

Leg edema was e v i d e n t ,  and p o s t u r a l  f a t i g u e  p a t t e r n  was s p e c i f i c  

t o  t h e  l o w e r  b a c k ,  l e f t  s h o u l d e r ,  and r i g h t  hand a f t e r  a  d a y ' s  

work. W.C.B. w a g e - l o s s  c l a i m s  i d e n t i f y  o v e r - e x e r t i o n  d u e  t o  

l i f t i n g  a s  t h e  m o s t  p r e v e l a n t  c a u s e  i n  t h i s  i n d u s t r y  u s u a l l y  

r e s u l t i n g  i n  b a c k  s t r a i n s .  



S t u d y  C a t t e m p t s  t o  d e t e r m i n e  w h e t h e r  c h e c k s t a n d  d e s i g n  

( c a s h  r e g i s t e r  t y p e )  or work p r o c e d u r e  ( b a g g i n g  d u r i n g  o r  a f t e r  

k e y i n g )  is a s s o c i a t e d  w i t h  h e a l t h  p r o b l e m s  amongs t  o p e r a t o r s .  

The r e s u l t s  s u g g e s t  t h a t  i t  i s  n o t  t h e  c a s h  r e g i s t e r  b u t  r a t h e r  

t h e  work p r o c e d u r e ,  i n  p a r t i c u l a r  p r i c i n g  and b a g g i n g  i n  o n e  

c o n t i n u o u s  m o t i o n ,  wh ich  is a s s o c i a t e d  c o n s i d e r a b l y  more w i t h  

lower l i m b  p r o b l e m s  and  when a l l  symptoms a r e  combined .  

t h e  

1. 

2 .  

3 .  

4 .  

5. 

6 .  

The above  r e s u l t s  s u p p o r t  t h e  f o l l o ~ i n g  r ecommenda t ions  f o r  

f u t u r e  d e s i g n  o f  c h e c k s t a n d s :  

l i m i t i n g  arm r e a c h e s  t o  4 4  c m  o r  less ;  

r e d u c i n g  w o r k i n g  h e i g h t  s u r f a c e s  t o  100-105 c m ;  

p r o v i d i n g  a  s i t - s t a n d  s t o o l  f o r  p o s t u r e  v a r i a b i l i t y  and f o r  

m i n i m i z i n g  p o s t u r a l ,  e s p e c i a l l y  l o w e r  back  and f e e t ,  

f a t i g u e / p a i n ;  

d e s i g n i n g  l e f t  and  r i g h t  handed c h e c k - s t a n d s ,  and  t r a i n  t h e  

c a s h i e r  o p e r a t o r s  t o  b e  a m b i d e x t r o u s ,  t o  a v o i d  s t r e s s i n g  

one  s i d e  o f  t h e  body  o n l y ;  

e l i m i n a t e  p r i c i n g  and  b a g g i n g  i n  o n e  c o n t i n u o u s  m o t i o n ,  

e s p e c i a l l y  i n  a  s t o o p e d  p o s t u r e ;  and 

i n c o r p o r a t e  some means f o r  t h e  c u s t o m e r  r a t h e r  t h a n  t h e  

c a s h i e r  o p e r a t o r s  t o  l i f t  bagged g r o c e r y  b a g s .  

Some o f  t h e s e  r ecommenda t ions  have  been  r e c e n t l y  

i n c o r p o r a t e d  i n  a  p r o t o t y p e  c h e c k - s t a n d  which I h a v e  a s s i s t e d  i n  

d e v e l o p i n g ,  i n  c o n j u n c t i o n  w i t h  t h e  R e t a i l  C l e r k s  Union ,  W.C.E.; 

and i n d u s t r y .  



APPENDIX A - RULES 'FOR AND SAMPLE CALCULATION OF TYNAN'S (1981) 

ERGONOMIC COMPOSITE SCORE (ECS) FOR CHAIRS 

1. S e a t  H e i g h t  - h a s  t o  a d j u s t  f rom 370-520 mm. 

a .  i f  h e i g h t  a d j u s t m e n t  <370 mm score=O; 

b .  i f  h e i g h t  a d j u s t m e n t  >520 mm score=O; 

c .  i f  h e i g h t  a d j u s t m e n t  i s  s m a l l e r  t h a n  t h e  r a n g e  370-520 

mm, add t h e  l a r g e r  o f  t h e  t w o  d e v i a t i o n s  t o  t h e  

e rgonomic  c o m p o s i t e  score. 

2 .  S e a t  Depth  

- h a s  t o  f a l l  i n t o  t h e  r a n g e  of 380 - 420 mm 

- i f  s e a t  d e p t h  i s  s m a l l e r  o r  e x c e e d s  r a n g e ,  c a l c u l a t e  

f e a t u r e  r e l a t i v e  to  t h e  n e a r e s t  s t a n d a r d  v a l u e .  

3 .  S e a t  Width - h a s  t o  f a l l  i n t o  t h e  r a n g e  o f  400 - 450 mm 

- i f  s e a t  w i d t h - i s  s m a l l e r  o r  e x c e e d s  r a n g e ,  c a l c u l a t e  

f e a t u r e  r e l a t i v e  t o  t h e  n e a r e s t  s t a n d a r d  v a l u e .  

4 .  S e a t  a n g l e  - h a s  t o  a d j u s t  f rom -5 d e g r e e s  t o  +10 d e g r e e s .  

a .  i f  s e a t  a n g l e  a d j u s t m e n t  (-5 d e g r e e s  score=O; 

b .  i f  s e a t  a n g l e  a d j u s t m e n t  > + l o  d e g r e e s  s co re=O;  

c .  i f  s e a t  a n g l e  is  s m a l l e r  t h a n  t h e  r a n g e  o f  -5 d e g r e e s  

t o  + l o  d e g r e e s ,  add t h e  l a r g e r  o f  t h e  t w o  d e v i a t i o n s  

t o  t h e  e rgonomic  c o m p o s i t e  s c o r e .  

5 .  B a c k r e s t  w i d t h  - h a s  t o  b e  w i t h i n  t h e  r a n g e  o f  300 - 360 mm 

- i f  b a c k r e s t  w i d t h  i s  smaller  o r  e x c e e d s  r a n g e ,  

c a l c u l a t e  f e a t u r e  r e l a t i v e  t o  t h e  n e a r e s t  s t a n d a r d  

v a l u e .  



6 .  B a c k r e s t  h e i g h t  - h a s  t o  b e  w i t h i n  t h e  r a n g e  of 230-300mm 

- i f  b a c k r e s t  h e i g h t  i s  smaller o r  e x c e e d s  r a n g e ,  

c a l c u l a t e  f e a t u r e  r e l a t i v e  t o  t h e  n e a r e s t  s t a n d a r d  

v a l u e .  

7 .  B a c k r e s t  H e i g h t  A d j u s t m ~ n t  - h a s  t o  a d j u s t  f rom 0-80 mm 

minimum. 

a .  i f  h e i g h t  a d j u s t m e n t  <=0 score=O; 

b .  i f  h e i g h t  a d j u s t m e n t  >8O mm,  s co re=O;  

c .  i f  h e i g h t  a d j u s t m e n t  i s  s m a l l e r  t h a n  t h e  r a n g e  0-80 

m m ,  add t h e  l a r g e r  o f  t h e  two d e v i a t i o n s  t o  t h e  

e rgonomic  c o m p o s i t e  score.  
\ 

8 .  B a c k r e s t  H o r i z o n t a l  A d j u s t m e n t  - h a s  t o  z d j u s t  f rom 350-500 

a .  i f  h o r i z o n t a l  a d j u s t m e n t  <350mm score=O;  

b .  i f  h o r i z o n t a l  a d j u s t m e n t  >500mm score=O;  

c .  i f  h o r i z o n t a l  a d j u s t m e n t  i s  s m a l l e r  t h a n  t h e  r a n g e  350 

- 500 mm, add t h e  l a r g e r  o f  t h e  two d e v i a t i o n s  t o  t h e  

e rgonomic  c o m p o s i t e  s c o r e  

Comments: 

1. The o t h e r  i n f o r m a t i o n  - b a s e  number ,  t y p e  o f  a d j u s t m e n t  

c r a n k s ,  and a d j u s t m e n t  l o c a t i o n  were  n o t e d  f o r  d i s c u s s i o n  

and i m p o r t a n c e  w i t h  r e s p e c t  t o  u s i n g  a d j u s t m e n t s .  

2 .  Only  where d i m e n s i o n s  h a v e  a d j u s t m e n t  r a n g e s  d o e s  t h e  

l a r g e r  o f  t h e  t w o  s c o r e s  become i m p o r t a n t .  

3 .  D imens ions  which  were f i x e d  ( e . g .  b a c k r e s t  w i d t h ) ,  had t o  

s a t i s f y  b u t  n o t  e x c e e d  t h e  maximum r a n g e .  



SAMPLE CALCULATIONS OF ERGONOMIC SCORE 

ECS Sample calculation using Tynan's Method for evaluating 
seat pan. 

Dimensions 

Seat height 

Seat depth 

Seat width 

Prototype 
Chair 

Standard 
Chair 

N.F. hleighting Factor 
100/ (max. std. -min.std.) 

Tynan's. 
Ergonomic Composite 

Score 

Seat height: - 

Standard: 370 520 

ECS = 33. 51 6.70 

(use the larger of the two scores) 

Seat depth: falls within standard 

Seat width: 

?finimum standard 400 



APPENDIX B - RULES FOR AND SAMPLE CALCULATION O F  MODIFIED 

ERGONOMIC COKPOSITE SCORE (MECS)  FOR CHAIRS 

1. S e a t  H e i g h t  - h a s  t o  a d j u s t  f rom 370-520 mm. 

a .  i f  h e i g h t  a d j u s t m e n t  <370 mm score=O; 

b .  i f  h e i g h t  a d j u s t m e n t  >520 mm sco re=O;  

c.  i f  h e i g h t  a d j u s t m e n t  is s m a l l e r  t h a n  t h e  r a n g e  370-520 

mm,  add b o t h  d e v i a t i o n s  t o  t h e  e r g o n o m i c  c o m p o s i t e  

score. 

2 .  S e a t  Dep th  - s h o u l d  n o t  e x c e e d  minimum v a l u e  o f  380 mm 

a s  t h e  s e a t  o t h e r w i s e  i m p i n g e s  o n  t h e  l o w e r  l e g  o f  t h e  

l o w e r  p e r c e n t i l e  o f  u s e r s  r e s u l t i n g  i n  t h i g h  and c a l f  

c o m p r e s s i o n  and i r r i t a t i o n .  C a l c u l a t e  f e a t u r e  r e l a t i v e  

t o  t h e  s e a t  d e p t h  o f  360 mm. 

3 .  S e a t  Width  - e x c e s s i ~ e  s e a t  w i d t h  h a s  n o  n e g a t i v e  h e a l t h  

e f f e c t  on  t h e  i n d i v i d u a l ,  b u t  i t  may i n t e r f e r e  w i t h  

t h e  t a b l e .  Too s m a l l  a  s e a t  w i d t h  d o e s  n o t  p r o v i d e  

a d e q u a t e  s e a t  s u p p o r t .  C a l c u l a t e  f e a t u r e  r e l a t i v e  t o  

maximum a c c e p t a b l e  s e a t  w i d t h  o f  450 mm. 

4 .  S e a t  a n g l e  - h a s  t o  a d j u s t  f rom -5 d e g r e e s  t o  +10 d e g r e e s  

a .  i f  s e a t  a n g l e  a d j u s t m e n t  <-5 d e g r e e s  score=O; 

b .  i f  s e a t  a n g l e  a d j u s t m e n t  > + l o  d e g r e e s  score=O; 

c.  i f  s e a t  a n g l e  i s  s m a l l e r  t h a n  t h e  r a n g e  o f  -5 d e g r e e s  

t o  +10 d e g r e e s ,  add  t h e  b o t h  d e v i a t i o n s  t o  t h e  

e r g o n o m i c  c o m p o s i t e  score. 



5. B a c k r e s t  w i d t h  - h a s  t o  b e  360 mm. I f  b a c k r e s t  w i d t h  is n o t  

c o n t o u r e d  and  e x c e e d s  360  mm it w i l l  i n t e r f e r e  w i t h  

e l b o w  movements .  Too  s m a l l  a b a c k r e s t  w i l l  n o t  p r o v i d e  

a d e q u a t e  s u p p o r t .  C a l c u l a t e  f e a t u r e  r e l a t i v e  t o  360 

6 .  B a c k r e s t  H e i g h t  - s h o u l d  b e  300 mm t o  p r o v i d e  a d e q u a t e  

lower b a c k  s u p p o r t .  C a l c u l a t e  b a c k r e s t  h e i g h t  r e l a t i v e  

t o  300 mm. 

7 .  B a c k r e s t  H e i g h t  A d j u s t m e n t  - h a s  t o  a d j u s t  f r o m  0-80 h m  

minimum. 

a .  i f  h e i g h t  a d j u s t m e n t  <=0  score=O; 

b.  i f  h e i g h t  a d j u s t m e n t  > 8 @  mn, s c o r e = O ;  

c .  i f  h e i g h t  a d j u s t m e n t  i s  s m a l l e r  t h a n  t h e  r a n g e  0-80 

mm, a d d  b o t h  d e v i a t i o n s  t o  t h e  e r g o n o m i c  c o m p o s i t e  

score. 

8 .  B a c k r e s t  H o r i z o n t a l  P d j u s t m e n t - h a s  t o  a d j u s t  f r o m  350-500mm 

a .  i f  h o r i z o n t a l  a d j u s t m e n t  <350mm s c o r e = O ;  

b .  i f  h o r i z o n t a l  a d j u s t m e n t  >500mm s c o r e = O ;  

c .  i f  h o r i z o n t a l  a d j u s t m e n t  i s  s m a l l e r  t h a n  t h e  r a n g e  350 

- 500  mm, a d d  b o t h  d e v i a t i o n s  t o  t h e  e r g o n o m i c  

c o m p o s i t e  score 



SAMPLE CALCULATIONS OF MODIFIED ECS 

MECS Sample c a l c u l a t i o n  u s i n g  Modif ied  Method f o r  e v a l u a t i n g  
s e a t  pan. 

P ro to type  S t anda rd  N.F. Iyeighting F a c t o r  
Dimensions - Chai r  Cha i r  100/  (max. s t d .  - m i n . s t d . )  

Sea t  h e i g h t  420-510 370-520 

S e a t  d e p t h  590 380-420 

S e a t  w id th  380 400-450 

hlodif i e d  
Ergonomic Composite 

Score  

S e a t  h e i g h t :  

S t a n d a r d :  37Q 5  2 0 

Fleasured: 4 2 0  510 

(add t h e s e  two t o g e t h e r )  

S e a t  d e ~ t h :  

S t a n d a r d :  380 

S e a t  w i d t h :  

S t a n d a r d :  450 

hleasured 3  8  0  
7 0 



APPENDIX C - RULES FOR CALCULATING TYNAN'S ERGONOMIC COMPOSITE 

SCORE (ECS) FOR DESKS 

1. Keyboard h e i g h t  - m u s t  e x c e e d  r a n g e  f o r  score=O 

2 .  S c r e e n  h e i g h t  - m u s t  e x c e e d  r a n g e  f o r  score=O 

3 .  Viewing d i s t a n c e  - m u s t  e x c e e d  r a n g e  f o r  score=O 

4 .  Desk w i d t h  - measuremen t  mus t  f a l l  w i t h i n  ( o r  e x c e e d )  r a n g e  

f o r  score=O 

5 .  Desk d e p t h  - measuremen t  m u s t  f a l l  w i t h i n  r a n g e  f o r  score=O 

6 .  Leg c l e a r a n c e  h e i g h t  - m u s t  e x c e e d  r a n g e  f o r  s co re=O 

7 .  Depth - mus t  f a l l  w i t h i n  o r  exceed  r a n g e  f o r  score=O 

8 .  K i d t h  - must  f a l l  w i t h i n  o r  exceed  r a n g e  f o r  score=O 



APPENDIX D - RULES FOR CALCULATING MODIFIED ERGONOMIC COMPOSITE 

SCORE ( E C S )  FOR DESKS 

Keyboard h e i g h t  - n u s t  e x c e e d  r a n g e  for  score=O t o  

accomoda te  t h e  5 t h  - 9 5 t h  p e r c e n t i l e  o f  o p e r a t o r s  o t h e r w i s e  

c a l c u l a t e  h i g h  and  l o w  d e v i a t i o n .  

S c r e e n  h e i g h t  - m u s t  e x c e e d  r a n g e  f o r  score=O t o  accomodate  

t h e  5 t h  - 9 5 t h  p e r c e n t i l e  o f  o p e r a t o r s ,  o t h e r w i s e  c a l c u l a t e  

h i g h  and  l o w  d e v i a t i o n .  

Viewing d i s t a n c e  - m u s t  e x c e e d  r a n g e  f o r  score=O t o  

accomoda te  t h e  5 t h  - 9 5 t h  p e r c e n t i l e  o f  o p e r a t o r s ,  

o t h e r w i s e  c a l c u l a t e  h i g h  end  l o w  d e v i a t i o n .  

Desk w i d t h  - must  meet o r  e x c e e d  minimum w i d t h  o f  1200 mm 

f o r  s co re=O , 

Desk d e p t h  - mus t  m e e t  o r  e x c e e d  maximum d e p t h  o f  900 mm 

l e g  c l e a r a n c e  f o r  score=O. 

Leg c l e a - r a n c e  h e i g h t  - mus t  e x c e e d  r a n g e  f o r  score=O t o  

accomoda te  b o t h  s h o r t  and t a l l  o p e r a t o r s ,  o t h e r w i s e  

c a l c u l a t e  h i g h  and  l o w  d e v i a t i o n .  

Leg c l e a r a n c e  d e p t h  - m u s t  meet o r  e x c e e d  maximum d e p t h  

460mm f o r  score=O, so t h a t  t a l l e r  o p e r a t o r s  c a n  c o m f o r t a b l y  

p l a c e  t h e i r  l e g s  i n  f r o n t  o f  them. 

Leg c l e a r a n c e  w i d t h  - mus t  m e e t  o r  e x c e e d  maximum w i d t h  600 

mm f o r  e a s y  i n g r e s s  and  e g r e s s ,  f o r  score=O, 



a E k  
E O c d  
E C ' 3  
o o c  
U Mcd 



A P P E N D I X  F - D E F I N I T I O N S  O F  T H E  C H A I R  AND DESK DIMENSIONS 

MEASURED I N  F I G U R E S  5 AND 6 

The methods o f  measu remen t  o f  t h e  d i m e n s i o n s  shown i n  F i g u r e s  5 

and 6 and g i v e n  i n  T a b l e s  5 and 6 a r e  d e s c r i b e d  i n  t h i s  s e c t i o n .  

F i g u r e  5 and T s b l e  5 :  --  - 

s e a t  h e i g h t  - The s e a t  pan  is a d j u s t e d  t o  e i t h e r  i t s  

maximum o r  minimum h e i g h t .  S e a t  h e i g h t  i s  measu red  

f rom t h e  f l o o r  s u r f a c e  t o  t h e  u p p e r  s u r f a c e  o f  t h e  

s e a t  pan .  
& 

s e a t  d e p t h  - The d e p t h  i s  measu red  f rom t h e  f r o n t  e d g e  

o f  t h e  b a c k  e d g e  o f  t h e  s e a t  p a n .  

s e a t  w i d t h  - Width  i s  measu red  f rom s i d e - t o - s i d e  of 

t h e  u p p e r  s u r f a c e  o f  t h e  s e a t  p a n .  

s e a t  a n g l e  - The s e a t  a n g l e  is  measu red  f rom t h e  

h o r i z o n t a l .  A r e a r w a r d  d e c l i n e  is a  n e g a t i v e  a n g l e  and 

a r e a r w a r d  i n c l i n e  is  a p o s i t i v e  a n g l e .  

b a c k r e s t  w i d t h  - Width  i s  measu red  a c r o s s  t h e  f r o n t  o f  

t h e  b a c k r e s t  and  a t  t h e  c e n t r e  o f  b a c k r e s t  h e i g h t .  

b a c k r e s t  h e i g h t  - I t  is measu red  a l o n g  t h e  m i d - l i n e  o f  

t h e  p o s t e r i o r  s i d e  o f  t h e  b a c k r e s t ,  f rom t h e  t o p  e d g e  

t o  t h e  b o t t o m  e d g e .  

b a c k r e s t  h e i g h t  a d j u s t m e n t  r a n g e  - i s  measu red  f rom 

t h e  s e a t  p a n  t o  t h e  b a s e  o f  t h e  b a c k r e s t  a t  maximum 

and minimum s e t t i n g  . 
b a c k r e s t  h o r i z o n t a l  a d j u s t m e n t  - Is measu red  f rom t h e  

f r o n t  sea t  e d g e  t o  t h e  u p r i g h t  b a c k  e d g e .  



F i g u r e  - -  6 and  T a b l e  - 6:  

k e y b o a r d  h e i g h t  - is measu red  f r o m  t h e  f loo r  surface 

t o  t h e  h e i g h t  o f  t h e  k e y b o a r d ' s  home r o w .  

s c r e e n  h e i g h t  - is measu red  f r o m  t h e  f l o o r  s u r f a c e  t o  

t h e  top s i d e  of t h e  VDT s c r e e n .  

v i e w i n g  d i s t a n c e  - is measu red  f r o m  t h e  f r o n t  d e s k  

e d g e  t o  t h e  s u r f a c e  o f  t h e  s c r e e n  a l l o w i n g  enough  

space f o r  a  k e y b o a r d  d u r i n g  minimum v i e w i n g  d i s t a n c e .  

work s u r f a c e  w i d t h  - i s  measu red  f r o m  s i d e  e d g e  t o  

s i d e  e d g e  o f  t h e  whole  t a b l e .  

work  s u r f a c e  d e p t h  - i s  measu red  f r o m  t h e  f r o n t  e d g e  

o f  t h e  k e y b o a r d  t o  t h e  b a c k  e d g e  o f  t h e  s c r e e n  s u r f a c e  

a t  t h e  maximum d e p t h  a d j u s t m e n t  p o s s i b l e .  

l e g  c l e a r a n c e  h e i g h t  - i s  m e a s u r e d  f rom t h e  f l o o r  

s u r f a c e  t o  t h e  l o w e r  d e s k  e d g e .  

l e g  d e p t h  - i s  measu red  f rom t h e  k e y b o a r d  e d g e  t o  t h e  

c loses t  o b s t r u c t i n g  s u r f a c e .  

l e g  w i d t h  - i s  measu red  f rom s i d e  t o  s i d e  b e t w e e n  

o b s t r u c t i n g  s t a b i l i z e r  b a r s  o r  l e g s .  



A P P E N D I X  G - Q U E S T I O N N A I R E  U S E D  I N  O F F I C E  STUDY 

Your h e a l t h :  The f o l l o w i n g  q u e s t i o n s  c o n c e r n  y o u r  h e a l t h  i n  v e r y  
g e n e r a l  t e r m s .  P l e a s e  a n s w e r  - a l l  q u e s t i o n s .  

1. What i s  y o u r  a g e ?  

2 .  H o w  t a l l  a r e  you?  

y e a r s  

i n c h e s  

3 .  How l o n g  h a v e  you been  i n  t h e  w o r k f o r c e ?  y e a r s  

4 .  How many y e a r s  h a v e  you been  a  t y p i s t ,  
word p r o c e s s o r  a n d / o r  t y p i s t ?  y e a r s  

5 .  A t  which w o r k s t a t i o n  d o  you work? 
l = b o o k  t r u c k s  2 = p r i n t e d  p a p e r  
3 = s e p a r a t e  room 

6 .  Dur ing  t h e  a v e r a g e  workday ,  a p p r o x .  
how many h o u r s  d o  you work: 

a ) s t a n d i n g  i n  o n e  p l a c e  h o u r s  

b )  s i t t i n g  h o u r s  

c ) n o v i n g  a r o u n d  h o u r s  

( T o t a l  number o f  h o u r s  s h o u l d  add up t o  t h e  number o f  h o u r s  
you work d u r i n g  a n  a v e r a g e  workday minus  y o u r  l u n c h  t i m e ) .  

7 .  Are you p r e s e n t l y  e x p e r i e n c i n g  any  o f  t h e  f o l l o w i n g  
symptoms : l = y e s  2=no 

a )  s k i n  r a s h e s  a n d / o r  i t c h y  s k i n  

b) s w o l l e n  or  p a i n f u l  m u s c l e  j o i n t s  

C )  lower b a c k  p a i n  

d )  p a i n  o r  s t i f f n e s s  i n  y o u r  arms 

e )  p a i n  or  s t i f f n e s s  i n  neck  
a n d / o r  s h o u l d e r  

f) t e a r i n g  or i t c h y  e y e s  

g )  loss  o f  f e e l i n g  i n  t h e  
f i n g e r s  or  w r i s t s  

h )  s t i f f  o r  sore w r i s t s  

i )  p a i n  or  s t i f f n e s s  i n  t h e  l e g s  



8 .  Within the  p a s t  5 y e a r s  has  a d o c t o r  eve r  t o l d  you 
t h a t  you have: l = y e s  2=no 

a )  a r t h r i t i s  o r  rheumatism 

b)  glaucoma of t h e  eyes 

C )  c o l i t i s  ( inflamed colon)  

d )  c a t a r a c t s  

e  ) hemorroids 

9 .  On the  job,  do you have any problems with your 
eyes ight  while  working with your te rminal?  

I f  yes ,  p l ease  d e s c r i b e  problem: 

Do you wear c o r r e c t i v e  l e n s e s ?  l = y e s  2=no 

y e s ,  p l ease  answer b-e. 

a t  work do you wear s p e c i a l  g l a s s e s  
while working w i t h  your VDT? 

do you wear g l a s s e s  ( n o t  b i f o c a l s )  

do you wear b i f o c a l s  o r  t r i f o c a l s  

do you wear c o n t a c t s  

Your workstat ion:  The following q u e s t i o n s  examine your - 
immediate work a r e a ,  i . e .  t he  VDT. 

1 0 .  While you a r e  working a t  your VDT, about how o f t e n  a r e  
you looking a t  the  fol lowing:  

l=never  
2=ra re ly / in f requen t ly  
3=sometimes 

a) t h e  

b3 t h e  

c )  t h e  

4 = f a i r l y  of t e n  
5=often 

d i s p l a y  sc reen  

keyboard 

m a t e r i a l  being keyed-in 



11. Does y o u r  VDT c o n t a i n  a special  f i l t e r  t o  r e d u c e  
g l a r e ,  e n h a n c e  c o n t r a s t  e tc?  

l = y e s  2=no  3 = d o n ' t  know 

1 2 .  C o n s i d e r i n g  t h e  c u r r e n t  s e t - u p  o f  y o u r  VDT,Las  i t  
is a d j u s t e d ,  how b o t h e r s o m e  a r e  e a c h  o f  t h e  f o l l o w i n g :  

l = n o , b o t h e r  o r  p r o b l e m  4 = v e r y  o f t e n  b o t h e r s o m e  
2 = o c c z s i o n a l l y  b o t h e r s o m e  5 = c o n s t a n t l y  b o t h e r s o m e  
3 = o f t e n  b o t h e r s o m e  

g l a r e  f r o m  t h e  k e y b o a r d  

g l a r e  f r o m  t h e  t a b l e  t o p  

r e f l e c t i o n  o f f  t h e  VDT s c r e e n  

t h e  d i s t a n c e  o f  t h e  k e y b o a r d  f r o m  you  

t h e  d i s t a n c e  o f  t h e  s c r e e n  f r o m  you  

t h e  h e i g h t  o f  t h e  s c r e e n  

t h e  h e i g h t  o f  t h e  k e y b o a r d  

n o i s e  f r o m  t h e  VDT- 

n o i s e  frcm t h e  p r i n t e r  

h e a t  f r o m  t h e  VDTS 

l e g  room 

t h e  t i l t ( z n g 1 e )  o f  t h e  VDT k e y b o a r d  

t h e  t i l t ( a n g 1 e )  o f  t h e  VDT s c r e e n  

t h e  f o c u s  or  s h a r p n e s s  o f  t h e  l e t t e r s  
or  number s  o n  t h e  s c r e e n  

p l a c e m e n t  o f  t h e  s o u r c e  documen t  

a b i l i t y  t o  r e a d  t h e  s o u r c e  documen t  

p r i n t i n g  q u a l i t y  o n  s o u r c e  documen t  

w o r k - s u r f a c e  a r e a  

s t a t i c  e l e c t r i c i t v  e f f e c t s  



1 3 .  What c h a n g e s  would you  l i k e  t o  see made t o  make work 
w i t h  t h e  VDT1s more e f f i c i e n t ,  c o m f o r t a b l e ,  or 
c o n v e n i e n t ,  i f  a n y  c h a n g e s  a re  n e c e s s a r y .  

Your work e n v i r o n m e n t :  The f o l l o w i n g  q u e s t i o n s  d e a l  w i t h  -- 
t h e  p l a c e  i n  w h i c h  you work,  g o i n g  beyond y o u r  w o r k s t a t i o n .  

1 4 .  I n  g e n e r a l ,  would  you s a y  t h a t  a s  a  w o r k p l a c e  
e n v i r o n m e n t  y o u r  o f f i c e  is: 

l = v e r y  p l e a s a n t  4=somewhat u n p l e a s a n t  
2=somewhzt p l e a s a n t  S = u n p l e a s a n t  
3 = j u s t  a d e q u a t e  

1 5 .  I n d i c a t e  t h e  e x c e n t  t o  which  you a r e  b o t h e r e d  i n  y o u r  
work by a n y  o f  t h e  f o l l o w i n g :  

l = r a r e l y  , n e v e r -  
2 = o c c a s i o n a l l y  
3 = s o m e t i m e s  

4 = f a i r l y  o f  t e n  
5 = v e r y  o f t e n  

a )  o d o r s ,  fumes  or s m e l l s  

b )  d u s t  

C )  c i g a r e t t e  o r  o t h e r  t o b a c c o  smoke 

d )  c rowding  

e )  n o i s e  

f )  t e m p e r a t u r e  l e v e l  

g )  l i g h t i n g  

h )  d r a f t s  

i )  f l u o r s c e n t  l i g h t s  

j ) na t u r d  l i g h t  (windows)  

k )  Xerox m a c h i n e  



1 6 .  Is t h e  l i g h t i n g  of t h e  b a c k g r o u n d  areas  a r o u n d  y o u r  
w o r k s t a t i o n  a t  a l l  b o t h e r s o m e ?  

I f  y e s ,  e x p l a i n  p o s s i b l e  s o u r c e  o f  i r r i t a t i o n  

1 7 .  I n  r e g a r d s  t o  t h e  f o l l o w i n g  e l e m e n t s  o f  y o u r  w o r k p l a c e  
e n v i r o n m e n t ,  how d o  you  f e e l  a b o u t :  

l=much too h i g h  4=somewhat l o w  
2=somewhat  h i g h  5=much t o o  l o w  
3 = c o r r e c  t 

a )  t h e  l e v e l  o f  l i g h t i n g  i n  .your  o f  • ’ i c e  - 

b )  t h e  n o i s e  l e v e l  i n  y o u r  o f f i c e  

c )  t h e  t e m p e r a t u r e  o f  y o u r  o f f i c e  d u r i n g  summer 

d )  t h e  t e m p e r a t u r e  o f  y o u r  o f f i c e  d u r i n g  w i n t e r  

e )  o v e r a l l  l e v e l  o f - d i s t r a c t i o n  i n  y o u r  o f f i c e  

f )  t h e  h u m i d i t y  i n  t h e  a i r  

1 8 .  Is t h e  s u p p l y  o f  f r e s h  a i r :  
l = g o o d  
2 = i n a d e q u a t e  3 = n o  f r e s h  a i r  a t  a l l  

1 9 .  C o n s i d e r i n g  o f f i c e  n o i s e ,  how d o  you  f e e l  a b o u t  
t h e  f o l l o w i n g  s o u r c e :  

l = m o s t  . d i s t u r b i n g  3 = r z r e l y  d i s t u r b i n g  
2=somewha t d i s t u r b i n g  4 = n o t  a t  a l l  2 i s t u r b i n g  

a )  c o n v e r s a t i o n  

b )  o f f i c e  m a c h i n e s  

c )  t e l e p h o n e  

d )  movement b a c k  a n d  f o r t h  

e )  t r a f f i c  n o i s e  

f )  o t h e r ,  p l e a s e  s p e c i f y :  



CHAIR ELVALUATION: The following s e c t i o n  is s p e c i f i c a l l y  
concerned wi th  t h e  c h a i r  you a r e  p r e s e n t l y  occupying. 
Please answer a l l  ques t ions .  

1. Your he igh t  i n  inches:  inches 

2 .  Your works ta t ion  area :  
l=book t r u c k s  
2=pr in ted  paper 
3=separa te  room 

3. How do you r a t e  the  c h a i r  w i t h  r e s p e c t  t o  ind iv idua l  
p a r t s  of your body? 

l=comf o r t a l b e  2=sorso  3=uncomf o r t a b l e  

a )  neck 

b )  shoulder 

C )  upper back 

d )  lower back 

e )  but tock 

• ’ 1  upper l e g  

g )  lower l e g  

h )  arms 

i )  o v e r a l l  

4 .  How do you r a t e  the  c h a i r  when you l ean  back? 
l=comfor table  2=so,  SO 3=uncomf o r t a b l e  

5 .  How do you r a t e  the  c h a i r  when you l ean  forward? 
l=comfor table  2=sorso  3=uncomfortable 

6 .  How do you r a t e  ease  of c h a i r  a d j u s t a b i l i t y ?  
( e . g .  a d j u s t i n g  h e i g h t ,  backres t  e t c . )  

l = e a s y  2=somewhat awkward 3=very awkward 4=not poss ib le  



DESK EVALUATION: The fol lowing s e c t i o n  i s  s p e c i f i c a l l y  
concerned with the  desk,  t a b l e  you a r e  p r e s e n t l y  working on. 
P lease  answer a l l  ques t ions .  

7 .  HOW do r a t e  the  desk with r e s p e c t  t o  your working space? 
l=adequate  2=so,so 3=inadequate  

a )  l e g  room 

b )  range of t a b l e  a d j u s t a b i l i t y  

c )  ease of t a b l e  he ight  adjustment  

d )  range of t a b l e  t i l t ( a n g 1 e )  

e )  ease of t a b l e  t i l t  adjustment  

f )  range to  a d j u s t  keyboard d i s t a n c e  from you 

g  ) keyboard armrest  

h )  work s u r f a c e  a rea  

i )  matt  of t a b l e - s u r f a c e  ( t o  reduce g l a r e )  

j )  s to rage  f o r  personal  t h i n g s  

k) o v e r a l l  r a t i n g  

8 .  Do you use t h e  a d j u s t a b l e  screen  tilt  wi th  t h e  REW t a b l e ?  

l = y e s  2=no 3=not  a p p l i c a b l e  

9 .  Is i t  p o s s i b l e  t o  s l i d e  the  c h a i r  under the  desk,  o r  
is the  w i d t h  of t h e  l e g  space too  small?  

10.  How do you r a t e  t h e  t a b l e  w i t h  r e s p e c t  t o  indiv idual  
p a r t s  of your body? 

l= inc reased  comfort 
2=no change 
3=grea te r  discomfort  

a )  neck 
b )  arms 
C )  l e g s  
d l  o v e r a l l  



WORKSTATION USAGE EVALUATION 

S u b j e c t s  Kame : 

Nark a n  X a l o n g  t h e  sca le  

1. How o f t e n  d i d  y o u  work a t  w o r k s t a t i o n  A? 

n e v e r  s o m e t i m e s  a l w a y s  

2 .  How o f t e n  d i d  y o u  work  a t  w o r k s t a t i o n  B? 

n e v e r  s o m e t i m e s  a l w a y s  

3 .  How o f t e n  d i d  y o u  work a t  w o r k s t a t i o n  C? 

0 2 5  50 75  1 0 0  

n e v e r  sometimes a l w a y s  

4 .  H o w  c f t e n  d i d  y o u  work a t  w o r k s t a t i o n  O? 

n e v e r  s o m e t i m e s  a l w a y s  

5 .  DO you r e ca l l  w h i c h  c h a i r  you  p r e f e r r e d ?  

Yes - which  o n e ?  

No. 

6 .  Do you recal  w h i c h  t a b l e  you  p r e f e r r e d ?  

Y e s  - which  o n e ?  

No. 



CHAIRS AND TABLES CONTINUED 

7. Do you think it necessary 
to adjust your chair? 

a b l e  

8. Do you think it necessary to be able 
to adjust your t a b l e ?  



APPENDIX H 

Cashier-Operator Survey 
DO NOT USE THIS BOX 

m a  1 2 3  4 

1. In which superrrarket a re  you presently working? 

1)Super-Val u 
2)Safeway 
3)Woodwards 
4)0ther ,  please specify 5 

Location of supermarket: 

2. Date of b i r th :  

3. How t a l l  a r e  you? 

1 ) l e s s  than 5feet  
2)5'01' - 5'2" 
3)5 '3 -- 5'4" 
4)5'511 - 5'6" 
5)5'7" - 5'8" 
6)5'9" - 5'10" 
7)5' 11"- 6'0" 
8 ) t a l l e r  than 6feet  

4. H o w  long have you been working as a cashier operator? 
(Please indicate  t o t a l  number of months). IT ]  months 

5. Have you worked on any of the f o l l  wing cash registers? 
(Please indica te  the number of months you were on one 
cash r eg i s t e r  o r  the other). 

1 )e l  ectronic scanner months 

2)NCR 255 1 1 1  months 

3)Sweda touch-checker months 

4)mechanical cash reg is te r  I n  
5)0ther ,  please specify 

S)Other, please specify months 



How many hours do you work on average per week? (Please ind ica te  
t h e  minimum and maximum number of hours t h a t  you would poss ible  
work during any given week). 

Maximum 

Minimum 

or ,  Regular, fu l l - t ime 

How many hours during an average work week do you work on the 
express counter?  

Maximum 

hours 

871 hours 

r] hours 

mj hours 

ml hours 

What kind of cash r e g i s t e r  a re  you presently operating? 

1 ) e l e c t r o n i  c scanner 
2)NCR 255 
3)Sweda touch-checker 
4)mechani cal cash r e g i s t e r  
5 ) 0 t h e r ,  p lease  speci fy  

Do you f i n d  t h a t  t h e  cash r e g i s t e r  buttons a r e  placed a t  the  
c o r r e c t  he igh t  f o r  you? 

1 ) t o o  high 
2) too low 
3 ) a l l  r i g h t  

1 

Do you f e e l  any pain i n  your hand, arm and/or shoulder when you 
push t h e  r e g i s t e r  buttons? 

Do you f e e l  any pain i n  
c l o s e  t h e  cash-regis t e r  

1 )yes 
2)no 
3)sometimes 

your hand, arm and/or shoulder when you 
t i l l ?  

Do you f i n d  the cash r e g i s t e r  noisy? 



13. I s  the cash reg i s te r  s e t  a t  an angle so  t h a t  while you a r e  
scanning o r  pricing the groceries you are:  

1)facing the customer 
2 ) s l i gh t l y  turned toward the customer (450ang1e)- 
3)facing the food f l oo r  and customer i s  on your l e f t  s i de  
4)have your back s l i gh t l y  towards the  customer 

14, Do you f ind the cash r eg i s t e r  price-display,  i r r i t a t i n g  t o  the  eyes? 

15. Do you f ind  t ha t  the  customer-counter i s  the  r i gh t  height fo r  you? . 
1) too  high 
2) too low 
3 ) a l l  r i gh t  

16. Do you f ind  tha t  the  customer-counter i s  the  r i gh t  width fo r  you? 

- 1)too wide 
2) too narrow 
3 ) a l l  r i gh t  

17. How do you move the  groceries forward, w i t h  a: 
1 ) foo t  pedal 
2)knee pedal 
3)thigh/hip pedal 
4 )e lec t ron ic  eye 
5)with your hands 
6 )o ther ,  please specify 

18. Do you f ind the  "pedal" t o  be the  r i gh t  height f o r  you? 

1) too  high 
2 )  too low 
3 ) a l l  r i gh t  
4)question does not apply t o  me 

19. t o  you f ind tha t  the t u rn - s t i l e  or conveyor be1 t brings the groceries 
close enough t o  you? 



20. When you "bag" which do you use most of the time? 

1) the bag-we1 1 
2) the cus tomer-counter 
3)a  hook which holds the  p l a s t i c  bags 

21. I f  you don ' t  use the bag-well, why not? 

22. I f  you use t he  bag-well do you f ind i t s  height: 

1) too high 
2) too low 
3 ) a l l  r i g h t  
4)1  don ' t  use the bag-well 

23. How often do you have a wrapper helping you? 

1)always - 100% of the time 
2) 75% of the  time 
3) 50% of the  time 
4 )  -25% of the time 
5)never - 0% of the time 

24. When you load the  grocery bags i n t o  the  buggy do you: 

:)grip the  TOP of the  bag w i t h  your hands? 
2 )gr ip  the  BOTTOM of the  bag w i t h  your hands? 

25. Do you f ind  the buggy too deep, t o  load in to  fo r  your height? 

26. Does your back h u r t  when you l i f t  the bags i n to  the buggy? 

27. Do you f ind  you have adequate working space? 

28. Are there  protruding objects  i n  your work a; ea (handies, knobs e t c - )  
on which you hur t /bruise  yourself?  

1)yes - please specify  

2)no 5 4 



29. Do you f i n d  t h a t  working surfaces cause g l a r e ?  

I )yes 
2)no 

a )  cash reg i s  t e r  0 
b)cash r e g i s t e r  read o u t  

c)customer-counter 

d) f 1 oor 

0 
0 
55-59 

30, Do you f i n d  the  working environment t o  be: 
a )  hot 

b) col d 

c )  noi sy 

d )dra f ty  

e ) b r i g h t  

f ) d a r k  

31. Do you have fa t igue  mats? 

1 )yes 
2)no 
3)sometimes - plzase specify  when 

32. Do you USE the  fa t igue  mat? 

33. How th ick  is your fa t igue  mat? 

1 )  2 inches o r  more i n  thickness 
2 )  1-2 inches 
3 ) l e s s  than 1-inch 
4)extremely worn 
5)1 don ' t  have one 

34, What kind of shoes do you wear t o  work? 
1)high-heeled pumps 
2 )whi te - f l a t  Oxfords 
3 ) s t r a p  sandals 
4 )o ther ,  please specify  



35. How high is your shoe-heel? 
1 ) l k s s  than 1-inch 
2) 1-2 inches i n  height 
3jmore than 2-inches i n  height 

36. Do you f e e l  your earnings are: 

1 )  good 
2)sa t i s fac to ry  
3)unsat is factory  

37. Do you f ind  the  work schedule ( the  organisation of hours you a r e  
required t o  work) : 

1)very pleasant 
2)pleasant  
3)unpleasant 

38. Do you f ind your job: 
1)very i n t r e s t i n g  
2 ) i n t r e s t i n g  
3)somewhat i n t r e s t i n g  
4)boring 

39. How do you f e e l  about your Yellow workers during working hours? 
1)  generally they are f r iendly  
2)generally they a re  unfriendly 
3)generally I have very l i t t l e  contact  with them 

40. What kind of an understanding do you have with your head cashier  
supervisor? 

1)general ly  a good one 
2)generally not  such a good one 
3 ) i n d i f f e r e n t  

41. If  you had a f r i end  inquiring about your job would you: 
1)recomnend the  job 
2)not  recomend the job 

42. What kind of work-day do you prefer:  
1)when i t  i s  very busy 
2 )  busy 
3)not busy a t  a l l  



D O  NOT U S E  THIS BOX I I I 1 
43. Do you su f f e r  from any of the following: 

a)general  fa t igue 

b ) s t i f f  shoulder 

d)low back pain 

e )d i  arrhea o r  cons t i  pation 

f )s leeplessness  

g)dizziness 

h)pale complexion 

i ) l o s s  of weight 

j)nausea 

k)varicsoe veins 

1)spidery surface veins 

m)swelling of legs 

44. Do you f ind  i t  is  painful t o  maintain your working posture? 

45. Do you f ind t h a t  you become more i r r a t a b l e  on work-days? 

46. Do you experience remarkable fa t igue  a f t e r  the end of a work-day? 

l )yes  
2)no 
3)s  ome ti mes 

If 1 o r  3,  please specify  when 

20 



47. During an average work eek do you feel  any dullness and/or pain in :  

1 ) r i g h t  s i d e  
2 ) l e f t  s i d e  a)neck 
3)both 

0 
4)nei t h e r  b)shoulder 

c ) a m  0 
d)elbow j o i n t  

e ) w r i s t  j o i n t  

f )hand 
0 .a 

g) f inger  a 
2 1 - 2 7 

40. During an average work week do you feel  any numbness ( lack of fee l ing)  
i n  your: 

1 ) r i g h t  
2 ) l e f t  
3)both 
4 )  ne i the r  b)hand 

c )  f i  n g e r n  
28-30 

49, During an average work week do you f e e l  any tremor in  your: 

I ) r i g h t  
2 ) l e f t  
3)both 
4)  nei i h e r  

50. During an average work week do you fee l  any dullness,  pain o r  
bruis ing in:  

1 ) r i g h t  a ) h i p  j o i n t  
2 ) l e f t  b)thigh 3)both 
4)nei  t h e r  

0 
=)knee j o i n t  

d)ankle j o i n t  [7 

51, Do you 

f ) toes 

not ice  any changes i n  your a b i l i t y  t o  work during rnensturation? 
1)no - none a t  a l l  
2 ) s l i g h t l y  
3)solrle 
4)qu i te  a b i t  
5)yes - a l o t  

- 



52. Do you finb you are given adequate rest periods during a work day? 

53. How many children do you have? 

I)one 
2) two 
3) three 
4) four 
5)five 
6)none 

THANK YOU VERY MUCH FOR COMPLETING T H I S  Q U E S T I O N N A I R E .  

U l  ri ka Wall ers t e i  ner 



APPENDIX I -- 

" -.. 
Zy!ALCATING B o d i l y  F a t i g u e  and S o r e n e s s  

i 
Name : Time: 

1.  Plea.se  i n d i c a t e  y o u r  c u r r e n t  l e v e l  o f  o v e r a l l  ;veil-being 
on a s c a l e  f r o n :  

1 2 3 4 5 6 7 
f e e l i n g  f e e l i n g  n o t  r"%elir ,g f e e l i n g  
v e r y - w e l l  a l r i g h t  s o  w e l l  t e r r i b l e  

( C i r c l e  t h e  a p p r o p r i a t e  n u x b e r .  ) 

2 .  Using t h e  f o l l o w i n g  f a t i g u e / s o r e n e s s  s c z l e :  

1 2 3 4 5 6 7 
none b a r e l y  m o d e r a t e l y  ve  r y  

n o t i c e a b l e  n o t i c e r - b l e  n o t i c e z S l e  

P l e a s e  i n d i c a t e  o n  t h e  diagram below how each  a r a a  o f  y o m  
body f e e l s  t o  you a t  t h e  p r e s e n t  t i m e .  F i l l  i n  a l l  t h e  
s p a c e s  w i t h  t h e  a p p r o p r i a t e  number.  I n d i c a t e  e- an t h e  
s l i g h t e s t  f e e l i n g s  o f  f a t i g u e .  

-- 
Shoulders--xight: Lef t :  - 

:U?per Rack 
:m.s- Ricjhc: Left: - 

---- 
:Lower Back -- --- L m s -  f i g h t :  Left:  - -- 

--- Hands- .Right: - Left: - 
Thiahh- R i g h t :  - L9ft: -- 

Left: 

Feet- '?ght: hit: 

3 .  Do you ?;iork on  t h e  VET t e r n i n a l s  l = y e s  2=no 
a t  2ny t i x e  d u r i n g  y o u r  -ark xeek?  

L .  Xo:.. r:any h o u r s  d i d  you x o r k  on  t h e  VDT today?  h ~  u r s  
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